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PREFACE 


TO  THE 


FOURTH  ENGLISH  EDITION. 


1  HE  Epitome  of  Chemistry,  a  new  edi- 
ticHi  of  which  is  now  offered  to  the  public,  was 
originally  compiled  at  a  period,  when  we  had  not, 
in  the  English  language,  any  elementary  book  <ui 
this  science,  of  similar  plan  and  ii^tentions ;  and 
before  I  had  seen  the  only  work,  which  is  at  aH 
coincident  in  design  with  my  own,  the  *^  Manuel 
(Pun  Cours  de  Chimiey  par  Bouillon  La-GrangeJ^^ 
The  compendium  of  La-Grange,  however,  though 
containing  a  copious  and  well  arranged  collection 
of  facts  and  processes,  valuable  even  to  the  experi- 
enced chemist,  appears  to  me  to  be  adapted,  rather 
to  assist  a  publip  teacher  in  the  practical  execution 
of  his  office,  than  to  direct  an  unskilled  student  to 
a  train  of  simple  and  easy  experiments.  This  ob- 
ject I  have  endeavoured  to  accomplish  in  the  first 
part  of  the  following  work ;  which  is  to  be  consi* 
dered  as  an  assemblage  of  such  facts,  as  are  best 


VI 


adapted  to  convey  a  knowledge  of  the  elements  of"] 
the  science,  and  not  as  a  systematic  arrangement 
of  all  that  is  known  on  the  subject.  With  this' 
view,  I  have  described  only  the  leading  and  cha- 
racteristic properties  of  bodies,  and  have  carefully 
avoided  a  multiplicity  of  details,  because  they  would 
have  encumbered  the  memory,  and  left  to  the  rea- 
der tliat  selection,  which  properly  belongs  to  the 
aullior. 

Respecting  the  present  edition,  it  is  expedient 
lo  state,  that  in  order  to  keep  pace  with  the  rapid  pro- 
gress of  chemical  science,  the  work  has  been,  al- 
most entirely,  written  anew ;  and  that  the  additions 
exceed  considerably  the  original  matter.  In  the 
Appendix  will  be  found  a  variety  of  useful  tables, 
partly  original,  but  chiefly  selected.  The  plates, 
which  are  added  for  the  first  time,  exhibit,  I  be- 
lieve, every  article  of  apparatus,  that  is  essential  to 
the  pursuit  of  operative  chemisU^\  The  sketches* 
have  been  made,  from  actual  models,  in  tlie  or- 
thographic  manner,  which  appears  to  me  to  possess, 
for  this  purpose,  several  advantages  over  the  com< 
mon  mode  of  drawing  in  perspective ;  and  is  al- 
most  universally  adopted  In  the  recent  works  of 
the  French  chemists.  It  displays,  with  great  dis- 
tinctness, the  most  minute  parts  of  complicated  in- 
struments ;  and  being  executed  to  a  scale,  which 

"  For  these  sketches  I  am  indebted  to  my  friends,  Mr. 
Ewarl  of  Manchester  ;  and  Messrs.  Crctghton,  of  Soho,  Bir- 
tn'mgham. 
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is  placed  at  the  bottom  of  each  plate,  a  workman 
is  enabled  to  construct  what  is  represented,  much 
more  easily  and  accurately,  than  from  any  verbal 
description  or  perspective  figure.  The  orthogra- 
phic drawing  has  the  recommendation,  also,  of 
greater  facility ;  and  of  being  less  costly  in  the 
engraving. 

P.  S.  To  prevent  the  applications^  which  are 
frequently  made  to  me ^  for  chests  containing   col- 
lections of  Chemical  substances,  announced  in  the 
former  editions  of  the  Epitome,  I  avail  myself  of 
this  opportunity  to  state,  that  other  engagements 
have  obliged  me  to  discontinue   their  preparation  ; 
and  that  the  chests  may  now  be  had,  on  the  same 
plan,  of  Messrs.  Knights,  JVo.  41,    Foster ^Lane^ 
London. 

Manchester,  > 
Aprils,  1806.  5 
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INTRODUCTION.* 


J.  HE  custom  of  prelacing  a  course  of  lectures, 
with  the  history  of  the  science  which  is  their  sub- 
ject, hds  been  so  long  estaijli&hed,  that  it  may  be 
necessarj'  to  state,  briefly,  the  reasons  that  have 
induced  me  to  depart  from  this  unvaried  usage. 

The  historj'  of  chemistry  may  either  be  merely 
'  a  history  of  the  science,  that  is,  a  view  of  the 
progressive  dcvelopement  of  the  facts  and  doc- 
trines of  which  the  science  is  composed ;  or  it 
may  comprehend,  also,  the  biography  of  chemists. 
The  detail  of  the  progress  of  disco\erj-,  however, 
concerning  particular  objects  of  chemicid  research, 
would  certainly  be  premature,  at  a  period,  when  the 
student  may  be  supposed  to  be  ignorant  of  the  ex- 
ternal forms,  and  even  of  the  existence,  of  no  in- 


"  The  following  discourse  roraied,  originally,  ihe  introduc- 
tion to  a  series  of  lectures  delifered  in  Manchester,  and  was 
Afterwards  published  under  the  title  of  "  A  General  View  of 
"  the  Kature  and  Objects  of  Chemistry,  and  of  its  application 
"  to  Arts  and  Manufactures.''  As  ihe  readers  of  an  elemen- 
tary book  may  be  presumed  (o  require  a  similar  plan  of  in- 
KlrucCion,  with  the  hearers  of  a  popular  course  of  lectures,  I 
have  thought  it  unnecessary  to  alter  the  form  under  which  the 
essay  first  appeared,  though  a  few  passages  are  applicable 
chiefly  (o  th^persons  to  whom  it  was  oiigiiially  addressed. 
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considerable  part  of  them.  Respecting  chemists 
themselves,  little  can  be  said  that  can  contribute 
to  information  or  amusement ;  for  their  lives,  de. 
voted  to  the  abstract  pursuits  of  science,  have  sel- 
dom been  productive  of  events,  that  are  suited  to 
awaken  or  gratify  general  curiosity.  Our  inter- 
est, indeed,  respecting  philosophers,  is  seldom 
excited,  unless  by  a  knowledge  of  the  additions 
which  tliey  have  made,  to  the  facts  or  theories  of 
a  science ;  and  with  these  a  lecturer  may  fairly 
presume,  however  the  fact  nuy  really  be,  that  his 
hearers,  at  the  commencement  of  a  course,  are 
wholly  unacquainted.  It  maj'  be  added,  that  the 
history  of  chemistry  admits  of  little  illustration 
from  experimeut  ;  and  I  shall  always  be  reluctant 
to  bestow  time  on  those  subjects,  which,  requi- 
rii^  not  the  aid  of  an  appeal  to  the  saises,  are 
equally  well  adapted  for  pri\'ate  study. 

On  these  grounds,  therefore,  I  hope  to  be  ex- 
cused for  infringing  the  general  plan  of  lectures 
on  chemistry,  and  devoting  to  other  purjjoses  the 
time  that  would  have  been  allotted  to  the  liistory 
of  the  science.  For  this,  will  be  substituted  a 
brief  view  of  the  nature  and  objects  of  chemis- 
try ;  of  its  connection  \vith  die  arts  mid  with 
other  sciences  ;  and  an  ouUine  of  the  plan  on 
which  the  following  lectures  will  be  conducted. 

Natural  pliilosophy,  in  its  most  extensive  sense, 
is  a  term  comprehending  every  science,  that  has 
for  its  objects  the  pi'oiierties  and  afiections  of  mat- 
ter. But  it  has  attained,  by  the  sanction  of  com- 
mon language,  a  more  limited  signification ;  and 
chemistry,  though  strictly  a  branch  of  natural  phi- 
losophy, is  generally  regarded  ;is  a  distinct  sci- 
ence. Between  the  two  it  may,  perhaps,  be  diffi- 
cult to  mark  out  precisely  the  line  of  separation ; 
but,  an  obvious  character  of  the  fact^  of  natural 
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is,  tfaat  they  are  always  attended  iinK;|i 
aen^ble  motion;  and  the  determination  of  tfap 
laws  of  motion  is  peculiarly  the  office  of  its  cult|-» 
vators.  Chemipal  changes,  on  the  other  hand,  of 
the  most  important  kind,  often  take  place  without 
any  apparent  motion,  either  of  the  mass,  or  of  its 
Hiinute  parts ;  and  whpre  the  eye  is  unable  to  pe|r>- 
ceive  that  any  change  has  occurred.  The  laws  of 
gravitation,  of  cen^  forces,  and  all  the  other 
powers  that  £U1  under  the  cognizance  of  the  natu- 
ral philosopher,  produce,  at  most,  only  a  change 
cf  place  m  the  bo<Ues  that  ob^  their  ioluencc 
But,  ux  chemical  changes,  we  may  always  observie 
an  important  difierence  in  the  properties  of  tlmiga ; 
Their  appearances  and  qualities  are  complete^  al- 
tered, lUaA  their  individuality  destroyed.  Thus, 
two  highly  corrosive  substances,  by  uniting  che- 
micalLy  together,  may  become  mild  and  harmleas ; 
the  combination  of  two  colourless  substances  may 
pMsaei^  us.  wildi  a  compound  of  briUiant  compile* 
tkm ;  and  &e  umon  of  two  iuids,  witha  compact 
and  fiolid  mass. 

Chemistry,  then^ore,  may  be  defined,  that  sci* 
ence,  the  object  of  which  is  to  discover  and  ex* 
plain  the  changes  of  composition,  that  occur  among 
the  integrant  and  constituent  parts  of  bodies.* 

From  tiiis  definition,  it  may  readily  be  conceiv- 
ed, how  wide  is  the  range  of  chemical  inquiry  ; 
and,  by  applying  it  to  the  various  events  that  daily 
occur  in  the  order  of  nature,  we  shall  be  enabled 
to  separate  them  with  accuracy,  and  to  allot,  to 
the  sciences  of  natural  philosophy  and  chemistry , 
the  proper  objects   of  the  cultivation   of  each. 


*  The  reader,  who  wishes  to  examine  other  definitions  of 
chemistry,  will  find  a  variety  of  them,  collected  by  Dr.  Black, 
to  the  first  volume  of  his  *'  lectures." 
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Whenever  a  change  of  place  is  a  necessary  part  of^ 
any  e\fnt,  we  shall  call  in  the  aid  of  the  former. 
When  this  condition  may  be  dispensed  with,  we" 
shall  resort  to  chemistrj-  for  the  light  of  its  prinv  i 
ciples.     But  it  «-ill  be  often  found,  tliat  the  con-f 
currence  of  the  two  sciences  is  essential  to  the  full* 
explanation    of  phenomena.     The    water  of  the  ■> 
ocean,  for  example,  is  raised  into  the  atmosphere  i 
by   its  chemical  combination  with  the  matter  of 
heat ;  but  the  clouds,  that  are  thus  formed,  main- 
tain their  elevated  situation  by  virtue  of  a  specific 
gravity  inferior  to  that    of  the  lower  regions   of 
the  air, — a  law,  the  discovery  and  application  of 
which  are  due  to  the  natural  philosopher,  strictly 
so  called. 

It  has  not  been  unusual  to  consider  chemistry, 
imder  the  t\vo-fold  view  of  a  science  and  of  an  art. 
This  arrangement,  however,  appears  to  have  had 
its  origin  in  an  imperfect  discrimination  between 
two  objects,  that  are  essentially  distinct.  Science 
consists  of  assemblages  of  facts,  associated  toge- 
ther in  classes,  according  to  circumstances  of  re- 
semblance or  analogy.  The  business  of  its  culti- 
vators  is,  first,  to  investigate  and  establisli  indivi- 
dual truths,  either  by  the  careful  observation  of 
natural  appearances,  or  of  new  and  artificial  combi- 
nations of  phL-nomena,  produced  by  the  instru- 
ments of  experiment.  The  next  step  in  philoso- 
phy is  tile  induction,  from  well  ascertained  facts, 
of  general  principles  or  laws,  more  or  less  com- 
prehensive in  their  extent,  and  serving,  tike  the 
classes  and  orders  of  natural  histor}',  the  purposes 
of  an  artificial  arrangement.  Of  such  a  body  of 
facts  and  doctrines,  the  science  of  chemistry"  is 
composed.  But  the  employment  of  the  artist  con- 
sists  merely  in  producing  a  given  effect,  for  the 
most  part  by  the  sole  guidance  of  practice  or  ex- 
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perience.  In  the  repetition  of  processes,  he  has 
cmly  to  follow  an  established  rule ;  and,  in  the  im- 
provement of  his  art,  he  is  benefited  generally  by 
fortuitous  combinations,  to  which  he  has  not  been 
directed  by  any  general  axiom.  An  ardst,  in- 
deed, of  enlarged  and  enlightened  mind,  may 
avail  himself  of  general  principles,  and  may  em- 
ploy them  as  an  useful  instrument  in  perfecting 
established  operations :  But  the  artand the  science 
are  still  marked  by  a  distinct  boundary.  In  such 
hands,  they  are  auxiliaries  to  each  other ;  the  one 
contributing  a  valuable  accession  of  &cts;  and 
the  other,  in  return,  imparting  fixed  and  compre* 
hensive  principles,  which  simplify  the  processes 
of  art,  and  direct  to  new  and  important  practices. 

The  possession  of  the  general  principles  of  che- 
mistry enables  us  to  comprehend  the  mutual  rela- 
tion of  a  great  variety  of  events,  that  form  a  part 
of  the  established  course  of  nature.  It  unfolds 
the  most  sublime  views  of  the;  beauty  and  harmo- 
ny of  the  universe ;  and  developes  a  plan  of  vast 
extent,  and  of  uninterrupted  order,  which  could 
only  have  been  conceived  by  perfect  wisdom,  and 
executed  by  unbounded  power.  By  withdrawing 
the  mind,  also,  fi*om  pursuits  and  amusements 
that  excite  the  imagination,  its  investigations  may 
tend,  in  common  with  the  rest  of  the  physical 
sciences,  to  the  improvement  of  our  intellectual 
^d  moral  habits ;  to  strengthen  the  fiicul^  of  pa- 
tient and  accurate  thinking;  and  to  substitute 
placid  trains  of  feeling,  for  those  which  are  too 
apt  to  be  awakened  by  the  contending  interests  of 
men  in  society,  or  the  imperfect  government  of 
our  own  passions. 

The  class  of  natural  events,  that  call  for  the  ex- 
planations of  chemical  science,  is  of  very  consi- 
derable extent ;  and  the  natural  philosopher  (using 
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this  term  in  its  common  acceptation)  is  wholly  in. 
competent  to  unfold  their  tonncction.  He  may 
explain,  for  example,  on  the  principles  of  his  own 
scicjice,  the  annual  and  diurnal  revolutions  of  the 
earth,  and  part  of  the  train  of  consequences  de- 
pending on  these  rotations.  But  here  he  must 
stop,  and  the  chemist  must  trace  the  efl'ects,  on 
the  eiuth's  surface,  of  the  heat  and  light  derived 
from  the  sun  ;  the  absorption  of  heat  by  the  tari- 
ous  bodies  on  which  it  falls ;  the  consequent  flu- 
idity of  some,  and  volatilization  of  othei-s ;  the 
production  of  clouds,  and  their  condensation  in 
the  form  of  rain ;  and  the  eflccts  of  this  rain,  as 
well  as  of  the  sun's  heat,  on  the  animal,  vegeta- 
ble, and  mineral  kingdoms.  In  these  minuter 
changes,  we  shall  find,  tliere  is  not  less  excellence 
of  contrivance,  than  in  the  stupendous  movements 
of  the  planetary  system.  And  they  even  interest 
us  more  nearly ;  because,  though  not  more  con- 
nected witli  our  existence  or  comfort,  yet  they  are 
more  within  our  sphere  of  observation ;  and  an 
acquaintance  Mith  their  laws  admits  of  a  more  di- 
rect application  to  human  aft'airs. 

There  is  another  brunch  of  knowledge,  (that  of 
natural  history)  which  is  materially  advimced  by 
the  application  of  cliemical  science.  The  classi- 
fications of  the  naturalist  are  derived  from  an  ex- 
amination and  comparison  of  the  external  forms, 
both  of  animate  and  inanimate  bodies.  He  dis- 
tributes the  whole  range  of"  nature  into  three  great 
and  comprehensive  kingdoms,-^ the  animal,  the 
vegetable,  and  the  mineral.  Each  of  these,  again, 
is  sub-divided  into  several  less  extensive  classes  ; 
and  individual  objects  arc  referred  to  their  place 
in  the  system,  by  the  agreement  of  their  charac- 
ters, with  those  assigned  to  the  class,  order,  and 
getms.     In  the   diferent  departments   of  natural 
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hittory^  these  icsembkuices  vary  in  diatinctocssi 
in  facility  of  observation,  and  in  certainty  of  Jkh 
scrtption.  Thus,  the  number  and  disposition  of 
the  parts  of  fructificaticm  in  vegetables  afford 
marks  of  discrimination,  vtiiich  are  well  defined^ 
and  easily  ascertained.  But  minerals,  that  are 
not  poas^sed  of  a  regularly  crjrstallized  fiMrm,  are 
distinguished  by  outward  qualities,  that  scarcely 
admit  of  being  accurately  conveyed  by  language ; 
such  as  minute  shades  of  colour ;  or  trifling  dif- 
ferences of  hardness,  transparency,  &c.  To  the 
evidence  of  these  loose  and  varying  characters^ 
that  of  the  chemical  composition  of  minerals  has 
within  the  few  past  years  been  added ;  and  mine^ 
ralogy  has  been  advanced,  from  a  confused  as- 
semblage of  its  objects,  to  the  d^nity  of  a  well 
methoc^ed  and  scientific  system.  In  the  exam^ 
pie  of  crystallized  bodies,  the  correspondence,  he* 
tween  external  form  and  chemical  compo^tion^ 
has  been  most  successfully  traced  by  the  genius 
of  Hauy ;  whose  method  of  investigation  has  en- 
aUed  lum,  in  numerous  instances,  to  anticipate^ 
from  physical  characters,  the  results  of  the  most 
akilfiil  and  laborious  analysis. 

It  is. unnecessary  to  pursue  this  parted  the  subr 
ject  to  a  greater  extent ;  because,  to  all  who  have 
been  in  the  habit  of  philosophical  investigation, 
the  connection  between  the  sciences  must  be  suf^ 
fidently  apparent ;  and  because  there  is  another 
ground,  on  which  chemistry  is  more  likely  to 
cbdm,  with  success,  the  respect  and  attention  of 
the  great  mass  of  mankind.  This  is,  its  capaci- 
ty of  ministering  to  our  wants  and  luxuries,  and 
of  mstructing  us  to  convert,  to  the  ordinary  pur- 
poses of  life,  many  substances  which  nature  pre- 
sents in  a  rude  and  useless  form.  The  extraction 
of  metals  from  their  ores ;  the  converaion  of  the 
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rudest  materials  into  the  beautiful  fabrics  of  glass 
and  porcelain ;  the  production  of  wine,  ardent 
s|)irils,  and  vinegar ;  and  the  dyeing  of  linen  and 
woolen  manufactures, — arc  only  a  fciv  of  the  arts 
that  are  dependent  on  chemistry  for  their  improve- 
ment, and  even  for  their  successful  practice. 

It  cannot,  however,  be  denied,  that  all  the  arts, 
ivhich  have  been  mentioned,  were  practised  in 
times  when  the  rank  of  chemistry-,  as  a  science, 
was  extremely  degraded ;  and  that  tliey  are  the 
daily  employment  of  unlettered  and  ignorant  men. 
But  to  what  does  this  confession  amount?  and 
how  far  does  it  prove  the  independence  of  the 
above  arts  on  the  science  of  chemistrv-  ? 

The  skill  of  an  artist  is  compounded  of  know- 
ledge and  of  manual  dexterity.  The  latter,  it  is  ob- 
vious, no  science  can  teach.  But  the  acquirement 
of  experience,  in  other  words,  a  talent  for  accu- 
rate observation  of  fiicts,  and  the  habit  of  arrang- 
ing  facts  in  the  best  manner,  may  be  greatly  faci- 
litated by  the  possession  of  scientific  principles. 
Indeed,  it  is  hardly  possible  for  any  one  to  frame 
rules  for  the  practice  of  a  chemical  art,  or  to  pro- 
fit by  the  rules  of  others,  who  is  unacquainted 
(vith  the  general  doctrines  of  the  science.  For, 
in  all  rules,  it  is  implied,  that  the  promised  effect 
will  only  take  place,  when  circumstances  are  pre- 
cisely the  same,  as  in  the  case  under  which  the  rule 
ivas  formed.  To  ensure  an  unerring  uniformity 
of  result,  the  substances,  employed  in  chemical 
processes,  must  be  of  uniform  composition  and 
excellence  ;  or,  when  it  is  not  possible  to  obtain 
them  thus  unvaried,  the  artist  should  be  able  to 
judge  precisely  of  the  defect  or  redundancy,  tliat  he 
may  proportion  his  agents  according  to  their  qua- 
lities. \Verc  chemical  knowledge  more  generally 
possessed,  "e  should  hear  lessol'  failures  and  dis. 
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appointments  in  chemical  operations ;  and  the  art- 
ist  would  comihenoe  his  i»*oceedings,  not,  as  at 
present,  with  distrust  and  uncertainty,  but  with  a 
well-grounded  expectation  of  success. 

It  will  scarcely  be  contended,  that  any  one  of 
the  arts  has  hitherto  attained  the  extent  of  its  pos-* 
sible  perfection.  In  all,  there  is  yet  a  wide  scope 
for  improvement,  and  an  extensive  range  for  inge- 
nuity and  invention.  But  from  what  class  of  men 
are  we  to  expect  useful  discoveries  ?  Are  we  to 
trust,  as  hitherto,  to  the  favour  of  chance  and  ac- 
cident ;  to  the  fortuitous  success  of  men  not  guid- 
ed in  their  experiments  by  any  general  principles  ? 
Or  shall  we  not  rather  endeavour  to  inform  the 
artist f  and  to  induce  him  to  substitute,  for  vague 
and  random  conjecture,  the  torch  of  induction  .and 
of  rational  analogy  ?  In  the  present  imperfect  state 
of  his  knowledge,  the  artist  is  even  unable  fully 
to  avail  himself  of  those  fortunate  accidents,  by 
which  improvements  sometimes  occur  in  his  pro- 
cesses ;  because,  to  the  eye  of  common  observa- 
timi,  li^  may  have  acted  agreeably  to  established 
nil^,  and  have  varied  in  circumstances,  which 
he  can  neither  perceive  nor  appreciate.  The  man 
of  science,  in  these  instances,  sees  more  deeply, 
and,  by  availing  himself  of  a  minute  and  acci- 
dental difference,  contributes  at  once  to  the  pro- 
moti(m  of  his  own  interest,  and  to  the  advance- 
ment of  his  art. 

But  it  is  the  union  of  theory  with  practice  that 
is  now  recommended.  And,  "  when  theoretical 
knowledge  and  practical  skill  are  happily  combined 
in  the  same  person,  the  intellectual  power  of  man 
appears  in  its  full  perfection,  and  fits  him  equally 
to  conduct,  with  a  masterly  hand,  the  details  of 
ordinary  business,  and  to  contend  successfully 
with  the  untried  difficulties  of  new  and  perplexing 
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situations.  In  conducting  the  former,  mere  ex. 
periciice  may  frequently  be  a  sufficient  guide  ;  but 
experitncf  and  speculation  must  be  combined  to 
prepare  us  for  the  latter."*  "Expert  men,"  says 
Lord  Bacon,  "  can  execute  and  judge  of  particu- 
Vars  one  by  one  ;  but  the  general  counsels,  and  the 
plots,  and  the  marshalling  of  affairs,  come  best 
from  those  that  are  le;imed." 

This  recommendation  to  artists,  of  the  acquire' 
ment  of  scientific  knowledge,  is  happily  sanction- 
ed by  the  illustrious  success,  in  our  own  days,  of 
the  application  of  theory  to  the  practice  of  certain 
;ul8.  Few  persons  are  ignorajit  of  the  benefits, 
that  have  resulted  to  the  manufactures  of  this 
country,  from  the  inventions  of  Mr.  Watt  and 
Mr.  Wtdgwofxl ;  both  of  whom  have  been  not 
less  benefactors  of  philosophy  than  eminent  for 
practical  skill.  The  former,  by  a  clear  insight 
into  the  doctrine  of  latent  heat,  resulting,  in  a 
great  measure,  from  his  own  acuteness  and  pa- 
tience of  investigation,  and  seconded  by  an  unu- 
sual share  of  mechanical  skill,  has  perhaps  brought 
the  steam  engine  to  its  acme  of  perfection,  Mr. 
Wedgwood,  aided  by  tlie  possession  of  extensive 
chemical  knowledge,  made  rapid  advances  in  the 
improvement  of  the  art  ol'  manufacturing  porce- 
lain ;  and,  besides  raising  himself  to  great  opu- 
lence and  distinction,  has  created  for  his  country 
a  source  of  most  profitable  and  extensive  indus- 
try. In  an  art.  also,  ivhich  is  nearly  connected 
with  the  manufactures  of  our  own  town,  and  the 
improvement  of  which  must,  therefore,  "  come 
home  to  our  business  and  Iwsoms,"  we  owe  un- 
speakable obligations  to  two  speculative  chemists, 

■  Stewart'sElemcntsofihc  Philosophy  of  the  Human  Mind, 
Ch»i)  IV   Sect.  7. 
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— to  Scheele,  ^vho  first  discovered  the  oxygen- 
ized muriatic  acid ;  and  to  Berthollut,  who  first 
rnstmcted  us  in  its  appliciition  to  the  art  of  bleach- 
ing. 

Examples,  however,  nuiy  be  urged  agumst  in- 
dulgence ill  theory ;  and  instiuices  are  not  wanting, 
in  which  the  love  oF  sp«:ulative  refinement  h^ 
ivitlidrawn  men  entirely  from  the  straight  jiath  of 
useful  indnstry,  and  led  them  on  graduallj'  to  the 
ruin  of  their  fortunes.  But  from  such  instances, 
it  woold  be  unfair  to  deduce  a  general  condemna- 
tion of  theoretical  knowledge.  It  would  be  the 
common  error  of  arguing  against  things  that  are 
useful,  from  their  occasional  abuse. — In  truth, 
jjrojects  which  have,  for  their  foundation,  a  de- 
pendence on  chemical  principles,  may  be  under- 
taken with  a  more  rational  confidence,  than  such 
33  have  in  view  the  accomplishment  of  mechanical 
purposes;  because,  in  chemistrj-,  we  are  better 
able,  than  in  mcckmics,  to  predict,  from  an  ex- 
jjeriment  on  a  small  scale,  the  probable  issue  of 
more  extensive  attempts.  No  one,  from  the  suc- 
cessiul  trial  of  a  small  machine,  can  affirm,  witli 
unfailing  certainty,  that  the  same  success  will  at- 
tend  one  on  a  greatly  enlarged  plan ;  because  the 
amount  of  the  resistances,  that  are  opposed  to 
motion,  increases  often  in  a  ratio  greater  than, 
from  theory,  could  e\er  have  been  foreseen  :  But 
the  same  law,  by  which  the  mineral  alkali  is  ex- 
tracted from  a  pound  of  common  salt,  must  equal- 
ly operate  on  a  thousand  times  tlie  quantity  ;  and, 
e%en  when  we  augment  our  proportions  in  this 
immcntfc  degree,  the  chemical  affinities,  by  which 
so  large  a  mass  is  decomposed,  are  exerted  only 
between  very  small  particles.  The  failures  of  the 
mecfiaiuc,  therefore,  arise  from  the  nature  of 
things;  they  occur,  because  he  has  not    in   his 
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power  the  means  oJ*  foreseeing  aod  calculaUng .tfiel 
caiist's  that  produce  them.  But,  if  the  chemi^ 
fuil  ill  perfecting' an  economical  hcheme  on  a  large  i 
scale,  it  is  eitlier  because  he  has  not  sufficiency  I 
ascertaioed  liis  facts  on  a  small  one,  or  has  rashly  | 
cmlxirked  in  extensive  speculations,  without  hav-» 
ing  previously  eiiMired  the  accuracy  of  his  estis  I 
mates.  f 

The  benefits,  which  we  are  entitled  to  expect,,  ' 
fi-om  the  efforts  of  tlie  artist  and  the  man  cf  sci- 
ence, united  in  the  same  chiiracter,  and  at  the 
same  time  tempered  and  directed  by  prudential 
wisdom,  affect  not  only  indi\idual  but  national 
prosperity.  To  the  sup{K>rt  of  its  distinction,  as 
a  coinmereial  nation,  this  country  is  to  look  for 
tlie  permanency  of  itii  riches,  its  power,  and,  per- 
haps, even  of  its  liberties  ;  and  this  pre-eminence 
is  to  be  niaintained,  not  only  by  local  advantages, 
but  on  the  more  certain  ground  of  superiority  in 
the  productions  of  its  arts.  Impressed  with  a  full 
conviction  of  this  influence  of  the  sciences,  a 
neighbouring  and  rival  nation  offer  tlie  most  pub- 
lic and  respectful  incitements  to  the  application  of 
theor}'  in  the  improvement  of  the  chemical  arts  ; 
and,  with  the  \  iew  of  promoting  tliis  object,  na- 
tional institutions  ha^'e  been  formed  among  them, 
which  have  been  already,  in  several  instances,  at- 
tended with  the  most  encouraging  success.  It 
may  be  sufficient,  at  present,  to  mention,  as  aji 
example,  tliat  France,  during  a  long  war,  suppli- 
ed, from  her  own  native  resources,  her  enormousv 
and,  perhaps,  unequalled  consumption  of  nitre. 

The  general  uses  of  chemistry  ha\e  been  thus 
fully  enlarged  upon,  because  it  is  a  conviction  of 
the  utility  of  the  science,  tliat  can  alone  recom- 
mend it  to  attentive  and  persevering  study.     It 
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mvf  now  be  proper  to  point  out,  in  dctml,  »  (t-w 
ot'  its  more  striking  applicaaons. 

I.  The  art  which  is,  of  all  others,  the  mo*il 
interesting,  from  its  subserviency  lo  wants  that 
are  interworen  with  our  nature,  is  agsicul- 
TUBE,  or  the  art  of  obtaining,  from  the  earth, 
(he  largest  crops  of  useful  vegetables  at  the  small- 
est ex pence. 

The  vegetable  kingdom  agrees  with  the  animal 
one,  in  the  possession  of  a  living  principle.  Every 
individual  of  this  kingdom  is  regularly  organized, 
and  requires  for  its  supjjort  an  tniceasing  supply 
of  food,  which  is  converted,  as  in  the  animiil  bo- 
dy, into  substances  of  various  forms  and  qualities. 
Each  plant  has  its  periods  of  groMh,  health,  dis- 
ease, decay,  and  death;  and  is  affected,  in  all 
these  particulars,  by  die  varying  condition  of  ex- 
ternal circumstances.  A  perfect  state  of  agricu!- 
liiml  knowledge  would  require,  therefore,  not  only 
a  minute  acquaintaiKC  w  ith  the  structure  and  eco- 
nomy of  vegetables,  but  with  the  nature  and  ef- 
fects of  the  great  variety  of  extemiU  agents,  that 
contribute  to  their  nutriment,  or  influence  tlieir 
state  of  health  and  vigour.  The  former  attain- 
ment,  it  can  liardly  be  expected,  will  ev^r  be  ge- 
nerally made  by  practical  farmers ;  and  it  is  in 
bringing  the  agriculturist  acquainted  with  tlie  pre- 
cise composition  of  soils  :uid  manures,  that  che- 
mistry promises  the  most  solid  advantages,  1ti- 
decd,  any  knowledge  that  can  be  acquired  on  this 
subject,  without  the  aid  of  chemistry,  must  be 
vague  and  indistinct,  and  can  neither  enable  its 
possessor  to  produce  an  intended  effect  with  cer- 
tainty, nor  be  communicated  to  others  in  language 
sufficiently  intelligible.  Thus  we  are  told,  by 
Mr.  Arthur  Young,  that,  in  some  parts  of  Eng- 
land, any  loose  clay  is  called  mail,  in  others  marl 


is  called  chalk,  and  in  others  clay  is  called  loani. 
From  so  confused  an  application  of  terms,  ail  ge- 
neral benefits  of  experience  in  agriculture  must  be 
greatly  limited. 

Chemistrj' may,  to agilculturists,  become  a  uni- 
versal language,  in  which  the  facts,  that  arc  ob- 
ser\ed  in  this  art,  may  be  so  clothed,  as  to  be  in- 
telligible to  all  nations  and  ages.  It  would  be  de- 
sirable, for  example,  when  a  «Titcr  speaks  of  clay, 
loam,  or  marl,  that  he  should  explain  his  concep- 
tion of  tliese  terms,  by  stating  the  chemical  com- 
position of  each  substance  expressed  by  them. 
For,  all  the  \ariety  of  soils  and  manures,  and  all 
the  diversified  productions  of  the  vegetable  king- 
dom, arc  capable  of  being  resolved,  by  chemical 
analysis,  into  a  small  number  of  elemcntarj'  ingre- 
dients. The  formation  of  a  well  defined  language, 
expressing  the  proportioTi  of  these  elements  in  the 
various  soils  and  manures,  now  so  vaguely  cha- 
racterised, would  give  an  accuracy  and  precision, 
hitherto  unknown,  to  the  experience  of  the  tillers 
of  the  earth. 

It  has  been  said,  by  those  who  contend  for  pure 
empiricism  in  the  art  of  agriculture,  that  it  has  re- 
mained stationary,  notwithstanding  all  improve- 
ments in  the  sciences,  for  more  than  two  thousand 
years.  "To  refute  this  assertion,"  says  Mr,  Kir- 
wan,  "  ^ve  need  onli  compare  the  writings  of  Ca- 
to,  Columella,  or  Pliny,  m  idi  many  modem  tracts, 
or,  still  better,  with  the  modem  practice  of  our 
l>est  farmers." — "  If  tlie  exact  coimection  of  ef- 
fects with  their  causes,"  he  adds,  "  has  not  been 
so  fully  and  extensively  traced  in  this  as  in  otlier 
subjects,  wc  must  attribute  it  to  the  peculiar  dif- 
ficulty of  the  investigation.  In  other  subjects, 
exposed  to  the  joint  operation  of  many  causes, 
the  effect  of  each,  singly  and  exclusively  taken. 
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may  be  particulaiiy  examitied,  and  the  experi- 
menter may  work  in  his  laboratory,  with  the  ob- 
ject always  in  his  view.  But  the  secret  processes 
o£  vegetation  take  place  in  the  dark,  exposed  to 
the  various  and  indeterminable  influehces  of  the 
atmosphere,  and  require,  at  least,  half  a  year  for 
their  completion.  Hence  the  difficulty  of  deter- 
mining on  what  peculiar  circumstance  success  or 
fidlure  depends ;  for,  the  diversified  experience  of 
many  years  can  akme  afford  a  rational  foundation 
for  solid,  specific,  conclusions."^ 

II.  To  those  whostudy  Medicine  asabranch 
of  general  science,  or  with  the  more  important 
view  of  practical  utility,  chemistry  may  be  re- 
commended with  peculiar  force  and  propriety. — 
The  animal  body  may  be  regarded  as  a  living  ma- 
chine, obeying  the  same  laws  of  motion  as  are 
daily  exemplified  in  the  producticms  of  human  art. 
The  arteries  are  long,  flexible,  and  elastic  canals, 
admitting,  in  some  measure,  the  application  cS  the 
doctrine  of  hydraulics ;  and  the  muscles  are  so 
many  levers,  of  precisely  the  same  effect  with 
those  which  are  employed  to  gain  power  in  me- 
chanical contrivances.  But  there  is  another  view, 
in  which,  with  equal  ju^ce,  the  living  body  niay 
be  contemplated.  It  is  a  laboratory,  in  which  are 
c<Histantly  going  forward  processes  of  various 
kinds,  dependent  on  the  operation  of  chemical  iif- 
finities.  The  conversion  of  the  various  kinds  of 
food  into  blood,  a  fluid  of  comparatively  uniform 
compositi(m  and  qualities ;  the  production  of  ani- 
mal heat  by  the  action  of  the  air  on  that  fluid,  as 
it  pasBes  through  the  lungs;  and  the  changes, 
which  the  blood  afterwards  undergoes  in  its  course 

*  See  Kirwan  on  Manures. 
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through  the  body, — are  all,  cxchiaWrfy,  ssbjMlfl  ■ 
of  chemical  inquiry.  To  these,  and  many  othev  j 
questions  of  physiologj',  chemistry  has  of  late  ' 
years  been  appliCTl  with  the  most  encouraging  sufr-'  , 
cess  ;  and  it  is  to  a  long  continued  prosecution  (rf  J 
the  same  plan,  that  we  are  to  look  for  a  system  d  J 
physiological  science,  which  shall  derive  new  »**  T 
gour  and  lustre  from  the  passing  scries  of  years. 

It  must  be  acknowledged,  however,  as  has  beeii 
observed  by  Mr.  Davy,*  that  "  the  coraiectioiv  of 
chemistry  with  ph)  sjology  has  given  rise  to  some 
visionarj-  and  seductive  theories  ;  yet  even  this  cir- 
cumstance has  been  useHil  to  the  public  mind,  in 
exciting  it  by  doubt,  and  in  leading  it  to  new  in- 
Tcstigations.  A  reproach,  to  a  certain  degree  just, 
has  been  thrown  upon  those  doctrines  kiiown  by 
the  name  of  the  chemical  physiology  ;  for,  in  the 
applications  of  them,  speculative  philosophers  hav« 
been  guided  rather  by  the  analogies  of  words  than 
of  facts.  Instead  of  endeavouring  slowly  to  till 
up  the  veil,  which  conceals  the  wonderful  pheno- 
mena of  living  nature  ;  full  of  ardent  invaginations, 
ihey  have  vainly  and  presumptuously  attempted  to 
tear  it  asunder." 

III.  There  is  an  extensive  class  of  arts,  form- 
ing, when  viewed  collectively,  a  great  part  of  the 
objects  of  human  industry,  which  do  not,  on  a 
loose  and  hasty  observation,  present  any  general 
principle  of  dependency  or  connection.  But  they 
appear  thus  disunited,  liecause  we  have  been  ac- 
customed to  attend  only  to  the  productions  of 
these  arts,  which  are,  in  truth,  subservient  to 
widely  different  purposes.  Who  would  conceive, 
ibr  instance,  that  iron  and  c<MTimon  salt ;  the  one 


a  flietadt  ^  use  of  which  resohs  from  im  havd* 
Bess,  ilAicdlitf,  and.  malkabili^ ;  the  ocfacr  a  sub* 
stiOKXp  cfaieflj  vahiable  fieoni  its  9ctimg  m  a  |»^ 
servative  and  seasoncr  c^  fiiod, — aie  fiimififacd  fagr 
sift  alike  dqiendent  on  the  general  princ^iks  oT 
chemistiy?  The  ajpplicatkin  c^  scieiice  io  disoK 
voring  the  pri]iciple&  of  these  arts,  coDsdtules  wfattl 
has  been  termed  Ecoxomjcai.  Chemist&f; 
amongst  the  numerous  objects  of  iduch,  the  fol- 
lowing stand  most  distii^uiahed : 

1st.  Metailurgy^  or  the  art  of  extracting  melals 
frcMn  their  ores,  compiehending  that^tf  Auajfimg^ 
by  which  we  are  enaUed  to  judg^  from  the  oom* 
position  of  a  small  portion,  of  the  fHoprie^  off 
workinig  large  and  extensive  strata.  To  the  hic^ 
talluigist^  also,  helong  the  various  modifications 
of  the  metals  when  ohtainfdj  and  the  unkm  of 
dieqi  togedier,  in  diffioent  (Hxiportionsy  so  as  ^ 
aiofd  compounds  adapted  to  particuhir  usea.^* 
Tfaroui^out  the  whole  of  this  art,  much  practical 
knowledge  may  be  suggested  by  attention  to  the 
general  doctrines  of  chemistry.  The  artist  majr 
lieceive  useful  hints  respecting  the  construction  oif 
furnaces  for  the  fusion  of  <»ies  and  metals ;  tht 
employment  of  the  proper  fluxes ;  the  utility  <^ 
the  admission  or  exclusi(Mi  of  air ;  and  the  con- 
version of  the  refuse  of  his  several  c^>ecations  to 
useful  purposes.  When  the  metals  have  been  se-» 
parated  fix>m  their  ores,  they  are  to  be  again  sub- 
jected to  various  chemical  processes.  Cast  or  pig 
iron  is  to  be  changed  into  die  forms  of  wrought  or 
malleable  iron  and  of  steel.  Copper,  by  combi- 
nadon  with  zinc  or  tin,  aff(H^  the  various  com* 
pounds  of  brass,  pinchbeck,  bell-metal,  gun-me- 
tal, &c.  Even  the  art  of  printing  owes  something 
of  its  present  unexampled  perfection  to  the  im- 
provement of  the  metal  of  types. 
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2d.  Chemistry  is  the  foundation  of  those  artsi 
that  furnish  us  with  saline  substances,  an  order  of 
bodies  highly  useful  in  the  businesses  of  common 
life.  Among  these,  the  most  conspicuous  arej 
sugar  in  all  its  V!u-ious  forms ;  the  vegttable  and 
mineml  alkalies,  known  in  commerce  by  the  names' 
of  potash,  pearlash,  and  barilla ;  common  salt ; 
green  and  blue  vitriol,  and  alum  ;  nitre  or  saltpe- 
tre ;  sugar  of  lead ;  borax  ;  and  a  long  catalogue, 
^vhich  it  is  needless  to  extend  farther. 

3d.  The  manufacturer  of  glass,  and  of  ^'arious 
kinds  of  pottery  and  porcelain.,  should  be  tho- 
roughly acquainted  with  the  nature  of  tlie  sub- 
stances he  employs ;  with  tlieir  fusibilitj-,  as  af- 
fected by  difference  of  proportion,  or  by  the  ad- 
mixture of  foreign  ingredients ;  with  the  means 
of  regulating  and  measuring  high  degrees  of  heat ; 
with  the  principles  on  «hich  depend  the  hardness 
of  his  products,  and  their  fitness  for  Ix'Lu-ing  the 
vicissitudes  of  heat  and  cold ;  and  with  the  che- 
mical properties  of  the  best  adapted  colours  and 
glazings. — Even  the  humble  art  of  making  bricks 
and  tiles  has  received,  from  the  chemical  know- 
ledge of  Bergman,  the  addition  of  several  inter- 
esting facts, 

4th,  The  preparation  of  ^■a^ious  kinds ofy>rff)fn(- 
cd  liquors,  of  wine,  and  ardent  spirits,  is  intimate- 
ly connected  vvith  chemical  principles.  Malting, 
the  first  step  in  the  production  of  some  of  these 
liquors,  consists  in  the  conversion  of  part  of  the 
grain  into  saccharine  matter,  essential  in  most  in- 
stances  to  the  success  of  the  fermentati\c  change. 
To  acquire  a  precise  acquaintance  with  the  cir- 
cumstances, that  favour  or  retard  tlic  process  of 
fermentation,  no  small  share  of  chemical  know- 
ledge  is  required.  The  brewer  should  be  able  to 
ascertain,  :md  to  regulatt  exactly,  the  strength  of 
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his  infasioiis,  which  will  vary  greatly  when  he  has 
seemin^y  fioflowed  the  same  routine.  He  diouU 
be  aware  of  the  influence  of  minute  changes  .of 
temperature  in  retarding  or  advancing  fefmeo^^ 
tton ;  of  the  means  of  promoting  it  by  pn^|>er.  fer? 
ments;  and-  of  the  influence  of  the .  pres^ce  or 
exclusion  of  atmospherical .  air.  A  complete  aor 
quaintance  with  the  chemical  principles  (^  his  artt 
can  fatfdly  fiul  to  aflbrd  him  essential  aid  in  it$ 
practice. 

The  production  of  ardent  q>irits  is  only  a  sequel 
of  die  vinous  fermentation,  andis,  therefore,  uSiike 
dependent  on  the  doctrines  of  chenuslry. 

5tfa.  Theartsof  ^^I^ieu:;^^,  d^diij^,  and/)^ 
are,  throughout,  a  tissue  of  chemical  operatioosb 
It  is  not  unusual  to  hear  the  new  mode  of  bleachf- 
ing  distinguished  by  the  appellati<m  q£  the  chemi- 
i»l  method ;  but  it  is,  in  truth,  not  more  dcpeor 
dent  on  the  principles  of  this  science,  than  theooe 
which  it  has  superseded,  nor  than  the  kindred  arts 
of  dyeing  and  printing.  In  the  instance  of  bleacbr 
ii^,  the  obligation  due  to  the  speculative  chemist 
is  universally  felt  and  acknowledged.  But  the 
dyar  and  the  printer  have  yet  to  receive  firom  thie 
philosopher,  some  splendid  invention,  which  shall 
command  their  respect,  and  excite  their  attention 
to  chemical  science.  From  purely  speculative 
men,  however,  much  less  is  to  be  expected,  than 
from  men  of  enlightened  experience,  who  endea^ 
vour  to  discover  the  design  and  reason  of  esurh  step 
in  the  processes  of  their  arts,  and  fit  themselves 
for  more  effixtual  observation  of  particular  facts^ 
by  diligently  possessing  themselves  of  general 
truths. 

The  objects  of  inquiry,  that  present  themselves 
to  the  dyer  and  printer,  are  of  considerable  num- 
ber and  importance.     The  preparation  of.  goods 
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for  the  reception  of  colouring  matter ;  the  appJi 
tion  of  the  best  bases,  or  means  of  fixing  fugitivoi 
colours ;  the  improvement  of  colouring  ingrc>t 
dients  themselves ;  and  the  means  of  render) 
them  permanent,  so  that  they  shall  not  be  affecl 
by  soap,  or  by  the  accidental  contact  of  acids, 
other  corrosive  bodies;  are  among  the  subjects  o&i 
chemical  investigation.  It  is  the  business  of  the 
dyer,  therefore,  to  become  a  chemist ;  and  he  majr 
be  assured,  tliat,  even  if  no  brilliant  discovery- 
should  be  the  reward  of  the  acquisition,  he  wiU 
yet  be  better  fitted  by  it  for  conducting  common 
operations,  mth  certain  and  unvaried  success, 

6th.  The  tanning  and  preparation  of  leather  w^ 
processes  strictly  chemical,  which  were  involveA 
in  mystery,  till  they  were  reduced  to  well  estab- 
lished principles,  by  the  researches  of  Seguin,  andf 
by  tlie  subsequem  experiments  of  Davy.  In  thisj' 
as  in  most  otlier  examples,  the  application  of  scUi 
ence  to  the  practical  improvement  of  an  art,  hav 
to  encounter  the  obstacles  of  ignorance  and  pre- 
judice. But  the  interests  of  men  are  sure  finally 
to  prevail ;  and  the  most  bigotted  attachment  to 
established  forms  must  give  place  to  the  clearly* 
demonstrated  utilitj'  of  new  practices.  Such  a 
<lemonstration  is  generally  fumislied,  by  some  art- 
ist of  more  enlightened  views  than  his  neighbours, 
who  has  the  spirit  to  deviate  from  ordinar}'  rules ; 
:uid  thus  becomes,  (not  unfrequendy  with  some 
personal  sacrifice)  a  model  for  the  imitation  of 
others,  and  an  important  benefactor  of  mankind. 

Many  other  chemical  arts  might  be  enumerated ; 
but  enough,  I  trust,  has  been  said,  to  evince  the 
connection  between  practical  skill  ;uid  the  posses- 
sion of  scientific  knowledge.  I  shall  now  proceed 
to  develope  the  plan,  on  which  the  following  course 
of  Lectures  will  be  conducted. 
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much  has  been  said  of  the  importance  of 
chemistry  in  promoting  the  improvement  of  the 
arts,  that  the  Lectures,  which  are  nQ>v  to  be  de- 
livered, may  perh^)s  be  expected  to  point  out,  in 
detail,  all  the  practical  uses  that  may  be  made  of 
the  doctrines  of  this  science.  Such,  however,  is 
not  the  purpose  of  the  present  course,  which  will 
be  limited  in  its  objects  to  the  general  principles  of 
the  science  only,  and  their  illustration  by  the  most 
apposite  facts.  It  would  be  a  tedious  and  useless 
labour,  to  enter  at  present  into  all  tlve  minuteness 
of  technical  description^  for,  the  mind  requires  to 
be  well  grounded  in  the  general  truthsof  a  science, 
before  it  can  successfully  direct  them  to  the  ad- 
vantage of  the  arts.  Thus,  before  any  proficiency 
can  be  made  in  the  arts  of  navigation,  tactics,  sur- 
veyii^,  &c.  the  general  principles  of  mathematics 
must  first  be  clearly  apprehended,  lust  so  in  che« 
mistry :— A  fuU  and  accurate  knowle<)ge  must  be 
gained  of  its  principles,  before  any  practical  bene- 
fits can  result  fit)m  the  attainment;  and  to  the  art- 
ist, ^w^o  attentively  studies  this  science,  many 
applicatioiis  of  its  doctrines  will  occur,  even  thou^ 
they  may  not  be  specifically  pointed  out.  At  some 
future  period,  however,  it  will,  perhaps,  be  the 
object  ci  a  diistinct  course  of  Lectures,  to  trace 
the  various  useful  applications  of  chemistry,  es- 
pecially in  those  arts  that  are  most  interesting, 
from  their  connection  with  the  manufactures  of 
this  town. 

,  There  are  two  methods  of  delivering  the  .gene^ 
nd  doctrines  of  chemistry,  and  the  &cts  connected 
with  them.  The  one  consists  in  a  historical  detail 
of  the  gradual  progress  of  the  science ;  and,  in 
pursuit^  this  plan,  we  follow  the  natural  progress 
of  the  .human  mind,  ascending  fix>m  particular 
facts  to  the  establishment  of  general  trutibs.     But 
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a  strong  objection  to  its  adoption  is,  tliat  we  are 
thus  led  into  a  minuteness  of  detail,  which  " 
suited  to  the  i>!an  of  elementary  lectures.  In  tha  ■ 
other  mode  of  arrangement,  we  neglect  wholly  the  ( 
order  of  time  in  which  facts  were  discovered,  and 
class  ihfui  under  general  divisions,  so  frametl  as 
to  assist  the  mind  in  apprehending  and  retaining^* 
the  almost  infinite  variety  of  particular  truUis.        ■ « 

To  construct  a  classification  of  chemical  facts^  . 
at  once  adapted  to  lead  the  student,  by  easy  and 
certain  steps,  to  a  knowledge  of  the  science,  and 
at  the  same  time  conformable  to  the  strict  rules  of 
philosophical  arrangement,  is  attended  with  con- 
siderable difficulty.  For  since  the  phenomena  of  ■ 
chemistry  consist  in  the  mutual  action  of  a  great 
variety  of  bodies  on  each  other,  it  is  impossible 
to  enumerate  tiic  properties  of  any  oik'  substance, 
which  may  be  selected  as  tlie  first  object  of  de- 
scription, without  tracing  the  agency  of  many  other 
bodies  upon  it,  which  must  necessarily,  at  the  out- 
set, be  unkno\Mi  to  the  student.  The  action  of 
certain  bodies,  however,  is  much  more  general 
and  extensive  than  tliat  of  others.  There  are  few 
chemical  changes,  for  example,  in  which  a  com- 
bination or  transfer  of  oxygen  does  not  take  place; 
and  the  phenomenon  is  e\-en  so  general,  as  to  con- 
stitute the  basis  of  a  very  comprehensive  division 
into  combustilile  and  incombustible  bodies.  Still 
niM-e  extensive  is  the  influence  of  affinity,  and  of 
caloric,  over  chemical  changes  ;  and  it  is  scarcely 
possible  to  describe  any  one  of  these  changes, 
without  using  language  connected  with  tlie  pecu- 
liar doctrines  rcs])ecting  aflinity. 

Attraction,  or  affinity,  therefore,  as  the  great 
cause  of  all  chemical  phenomena,  has  the  first 
claim  to  attentive  consideration.  Next  to  that  of 
attraction,    the  influence  of  heat  o\'^r  the  forms 
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and  qualities  of  bodies  is  die  most'  generally  ob- 
served ha ;  and,  as  this  is  a  power  which  often 
counteracts  chemical  affinity,  there  is  the  more 
propriety  in  contrasting  the  operations  of  the  two: 
The  phenomena  and  laws  (^  heat  will  conduct^ 
naturally,  to  the  great  source  or  reservoir  of  it, 
which  will  be  traced  to  a  class  of  bodies,  agree- 
ing, in  mechanical  properties,  with  the  air  of  our 
atmosphere,  and  called  airs  or  gases.  These  gas- 
es, we  shall  find,  consist  pardy  of  solid  gravitate 
ing  matter,  and  partly  of  an  extremely  subtQe 
Auid,  which  impresses  on  our  organs  the  sensation 
of  heat,  and  is  termed  caloric.  When  the  sdid 
ingredients  of  these  gases,  usually  called  tbetr 
bases,  combine  together,  or  with  other  bodies-^ 
caloric  is  given  out,  and  new  compounds  are' 
formed.  And  as  the  gaseous  bases  are,  generally 
speaking,  simple  or  elementary  substahces,  the 
consideration  of  the  gases,  at  an  early  period  of 
the  course,  will  be  strictly  conformable  to  the  plan 
of  beginning  with'  simple  substances,  and  proi 
ceeding  gradually  to  themcwe  complex.  In  treat- 
ing of  compound  substances,  those  aviU  first  come 
under  review,  that  are  formed  by  the  action  of  the 
gaseous  bases  on  each  other,  such  as  water  and 
ammonia.  With  this  alkali,  the  two  fixed  ones 
are,  by  a  natural  order,  associated ;  and  an  analo- 
gous genus  of  bodies,  the  earths,  cannot,  without 
confusion,  be  referred  to  a  different  place  in  the 
system.  We  shall  then  be  prepared  to  understand 
the  most  remarkable  qitalities  of  various  other 
combustible  bodies,  which  qualities  appear  gene- 
rally in  their  action  on  the  gases.  Thus,  for  ex- 
ample, the  most  remarkable  property  of  sulphur 
is  its  farming,  with  the  basis  of  oxygen  gas,  the 
sulphuric  acid,  or  oil  of  vitriol.  As  the  acids  arc 
a  very  important  class  of  the  objects  of  chemistry. 


they  will  be  introduced  early  iti  the  course,  and 
their  eftects  will  be  exhibited  and  cxplainetl  on  the 
bodies,  which  may  have  been  already  described ; 
reserving  the  display  of  their  action  on  other  sub- 
stances,  till  these  ci»nc  to  be  separately  consider- 
In  ti-eatinfj  ol'  the  sulphnric  acid,  for  esam- 
■  '|ile,  its  r4.-lation    to  water,  the  alkalies,    and  the 
^tarths,  only  will  be  then  described;  for,  it  would 
*•  be  unseasonable  to  detail  its  effects  on  nietaUic  bo- 
r'dies,  before  this  class  of  substances  has  been  spe- 
prffically  discussed. 

Having  dismissed  tiie  consideration  of  such  ele- 
lentary  bodies,  as  are  distinguished  by  aflbrding 
Vis  when  combined  with  oxygen;  of  the  pro- 
rties  of  acids  thus  generated  ;  and  of  the  com- 
bunds  afforded  by  the  union  of  acids  with  iUka- 
important  division  of  elementary  sub- 
will  next  claim  our  attention,  viz.  the 
Inetals. 

This  class  of  bodies,  it  is  usual  to  introduce  at 
a  much  earlier  period  :  But  I  have  adopted  a  dif- 
ferent order,  from  the  coDsideration,  that  with 
the  previous  knowledge  of  the  constitution  and 
qualities  of  acids,  the  history  of  the  metals  may 
be  made  much  more  complete;  and,  especially, 
that  all  the  various  modes  and  phenomena  of  their 
combinations  w ith  oxjgen  may  be  more  distinctly 
explained. 

The  more  complex  productions  of  the  vegeta- 
ble and  animal  kingdoms  will  be  the  next  step  in 
our  progress  through  the  science.  The  economy 
of  vegetables  has,  of  late  years,  received  so  much 
cluciAition  from  chemistrj-,  that  it  would  be  un- 
pardonable to  omit  an  account  of  the  functions  and 
productions  of  vegetable  life,  especially  as  this  is 
n  subject  of  extensive  utility,  from  its  connection 
»vith  agricultural  improvement.     The  course  iviU 
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be  concluded  by  a  view  of  the  chemistry  of.  the 
^animal  creatioii,  ^od  of  the  beautifiil  eomieGtioo 
ajul  subserviency  to.  each  other  of  die  \epid)tc 
2uxl  animsl  kingdoms. 

For  the  exclusive  adoption  of  the  new  doctrines 
of  chemistry,  and  of  die  nQmendatufe  orwncctrri 
^with  them,  no  apologjr  is  necesasi^.    £very  ooe, 
^who  will  be  at  the  pams  of  atfradvcly  oompanbg 
thernew  with  the  old  theory^  I  can  venture  to.pre- 
<lict,  wiU  piefier  the  lucid  arfaiigemcnts.andpRGi- 
sion  of  the  former,  to  the  contused  ofder  and  il*: 
logical  mfinences  at  the  pUopal^  aoct.    FrpM 
tti^ae  tvho  have  beoi  in  die  habit  of  lnarhn^ii>»» 
mistiy,  both  before  and .  since  the  revohilMVL  in 
this  science,  we  have  the  strongest  testimony,  dial 
the  labour  of  acquiring  a  knowledge  of  h^h  4^ 
minished  beyond  all  comparison. — ^  t  have  adapt- 
ed the  new  nomenclature,"  says  Mr.  Chaptal,  *^  m 
my  lectures  and  writings,  and  I  have  not  fiuled  to 
perceive  how  vtsf  advantageous  it  b  to  the  teach- 
er ;  how  much  it  relieves  the  memory ;  how  great- 
ly it  tends  to  produce  a  taste  for  chemistry ;  and 
with  what  &ciUty  and  precision  the  ideas  and  prin- 
ciples concerning  the  natnre  o(  bodies  fix  them- 
selves in  the  minds  oi  the  auditors."     We  have 
the  approbaticm,  also,  oi  the  most  distinguished 
metaphysicians  of  the  age,  of  the  connection  of 
new  doctrines  with  a  new  and  more  accurate  lan- 
guage.    *^  The  new  nomenclature  of  chemistry," 
it  is  observed  by  Mr.  Dugald  Stewart,  in  his  £le- 
n^nts  of  the  Philosc^hy  of  the  Human  Mind, 
^^  seems  to  ftunish  a  spiking  illustration  of  the 
effect  of  appropriate  and  well  defined  expressions^ 
in  aiding  the  intellectual  powers ;  and  the  period 


IS  probably  not  far  distant,  when  similar  innova*'  I 
tions  will  be  attempted  in  other  sciences.*" 

These  doctrines,  and  the  nomenclature  depen-.l 
dent  on  them,  have  not,  it  must  be  acknowledged^,! 
been  long  established ;  and  though  the  progress  of  I 
chemisti^',  during  and  since  their  developement^  I 
has  advanced  with  unexampled  rapidity,  we  should  I 
still  50  limit  our  approbation,  as  not  to  csteenv  1 
them  beyond  the  reach  of  improvement.     For  my 
o^vn  part,  I  adopt  them,  not  from  a  belief  that  they 
arc  perfect ;  but  because  they  are  better  adapted 
than  any  hitherto  oflered,  for  explaining  and  class- 
ing  phenomena ;    and  with   this  qualification,    I 
strongly  recommend  them  to  general  acceptance. 

*  Seeal&oCondDrcet's''£^ui»e{i'un  Tahleau  BUlorique dM 
Progria  de  i'  Ksfirit  Humain. 
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CHAP.  I. 

PRBLIMINART  OBSERVATIONS. 

SECTION  I. 

Advice  to  Persons  who  are  entering  on  the  study  of  Che" 

mistry* 

X  HE  few  suggcsdons  which  I  am  about  to  offer,  are  ad- 
dressed peculiarly  to  those  who  have  not  the  opportunity 
of  attending  chemical  lectures  ;  and  who  have  no  means 
of  acquiring  a  knowledge  of  chemistry,  except  from  books, 
and  from  the  evidence  of  their  own  experiments. 

()nc  of  the  principal  difficulties  experienced  by  all  who 
embark  in  a  scientific  pursuit,  unaided  by  the  advice  of 
an  instructor,  is  the  attainment  of  the  best  adapted  books. 
In  chemistr>\  fortunately,  this  difficult\'  is  limited  to  selec- 
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lion  only  ;  for  we  have,  in  the  English  language,  many 
elcmenlary  works,  both  original  and  translated,  of  great 
merit.  I  shall  at  present,  however,  confine  myself  to  the 
mention  of  very  few  ; — of  such  only  as  are  sufficient  to 
convey  to  a  person  of  tolerable  understanding  and  compe- 
tent education,  a  getierikl  acquaintance  with  chemical  sci- 
ence; and  I  shall  afterwards  subjoin  a  Ust  of  other 
books,  necessary  to  those  who  intend  to  pursue  the  study 
more  exiensivelv, 

of  all  the  introductory  treatises  on  chemistrj-,  that  of 
Mr.  Lavoisier  is  certainly  the  one  from  which  a  ]>erson,  en- 
tering, for  the  first  time,  on  this  study,  will  derive  moat 
pleasure  and  advantage.  The  first  part  of  this  work,  com- 
prehending the  more  general  doctrines  of  chemistry,  should 
be  perused  with  attention,  and  clearly  understood,  before 
the  reader  proceeds  any  farther.  It  may  even  be  necessary, 
tiiat,  previously  to  the  remainder  of  this  work,  he  should 
avail  himself  of  other  elementary  books,  such  as  those  of 
Chaptal,  Foiu-croy,  Nicholson,  Murray,  and  Thomson.* 
These  works  will  supply  the  deficiencies  of  Lavoisier's 
Elements,  especially  on  the  subject  of  chemical  affinity, 
the  divisiotis  and  laws  of  which  are  essential  to  be  known, 
as  the  ground-work  of  all  chemical  explanations.  Tlie 
doctrine  respecting  caloric,  the  most  important  and  ex- 
tensive of  all  chemical  agents,  is  developed,  with  admirable 
perspicuity,  in  the  first  volume  of  Dr.  Black's  Lectures. 
After  having  made  himself  master  of  the  more  general 
truths  of  chemistry,  and  also  of  the  principles  of  the  new 
nomenclature,  the  student  will  be  qualified  to  reap  advan- 
tage from  the  performance  of  experiments.  In  repeating 
these,  he  may  cither  folloxv  the  order  which  I  shall  pre- 
sently point  out,  or  he  may  assume,  as  the  basis  of  his  ar- 
rangement, the  general  propositions  laid  down  by  Chaptal, 
Fourcroy,  or  Thomson,  referring  to  the  following  pages 
for  more  minute  and  specific  directions. 

In  the  conducting  of  experiments,  I  would  recommend 
great  attention  to  neatness  and  to  order.  Let  every  jar, 
or  vial,  have  a  label  affixed  to  it,  denoting  the  substances 
it  may  contain,  (except  in  cases  where  the  nature  of  the 
contents  is  evident  from  mere  inspection,)  and  the  date 
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and  object  of  the  experiment*  I  would  caution  the  etu* 
dent,  not  to  engage  in  many  different  ezperimenta  at  once ; 
the  consequences  of  which  are,  that  the  attention  is  dis- 
tracted, and  that  many  interesting  changes  pass  unnoticed* 
It  will  contribute  to  form  a  habit  of  accurate  observation, 
if  the  appearances  that  occur  in  experiments  be  regularly 
and  distinctly  noted  down  ;  and  sudian  exercise  will  tend 
also  to  facilitate  the  acquirement  of  the  art  of  describing 
chemical  phenomena ;  to  relate  which,  with  selection  and 
precision,  is  far  from  being  a  universal  talent 


SECTION  II. 

Of  a  Chemical  Laboratory  and  Apparatus. 

A  chemical  laboratory,  though  extremely  useful,  and 
even  essential,  to  all  who  embark  extensively  in  the  prac- 
tice of  chemistry,  either  as  an  art,  or  as  a  branch  of  liberal 
knowledge,  is  1^  no  means  required  for  the  performance 
of  those  simple  experiments  wtuch  furnish  the  evidence  of 
the  fundamental  trudis  of  the  science.  A  room  that  is 
well  lighted,  easily  ventilated,  and  destitute  of  any  valua- 
ble furniture,  b  all  that  is  absolutely  necessary  for  the  pur- 
pose. It  is  even  advisable,  that  the  construction  of  a  re- 
guhur  laboratory  should  be  deferred  till  the  student  has 
made  some  progress  in  the  science  ;  for  he  will  then  be 
better  qualified  to  accommodate  its  plan  to  his  own  peculiar 
views  and  convenience. 

It  is  scarcely  possible  to  offer  the  plan  of  a  laboratory, 
which  will  be  siutable  to  every  person,  and  to  all  situiations ; 
or  to  suggest  any  thing  more  than  a  few  rules  that  should 
be  generally  observed.  Different  apartments  are  required 
for  the  various  classes  of  chemical  operations*  The  prin- 
cipal one  may  be  on  the  ground-floor  ;  twenty-five  feet 
long,  fourteen  or  sixteen  wide,  and  open  to  the  roof, 
in  which  there  should  be  contrivances  for  allowing  die 
occasional  escape  of  suffocating  vapours.  This  will  be 
destined  cUefly  for  containing  furnaces,  both  fixed  and 
portable*  It  should  be  amply  furnished  with  shelves  and 
drawers,  and  with  a  large  table  in  the  centre,  the  best  form 
of  which  is  that  of  a  double  cross*  Another  apartment 
may  be  appropriated  to  the  minuter  operations  of  chemis- 


try ;  such  as  those  of  precipitation  on  a  small  scale,  the 
processes  ihat  require  merely-  the  heat  of  a  bmp,  and  ex- 
periments on  the  gases.  In  a  third,  of  smaller  size,  may 
be  deposited  accurate  balances,  and  other  instruments  of 
considerable  nicety,  which  would  be  injured  by  the  acid 
fumes  that  are  constantly  spread  through  a  laboratory. 

The  following  are  the  principal  instruments  that  are  re- 
quired in  chemical  investigations;  but  it  is  impossible, 
without  entering  into  verj-  tedious  details,  to  enumerate  all 
that  should  be  in  the  possession  of  a  practical  chemist. 

I.  FuHNACES.  These  may  either  be  formed  of  solid 
brick-work,  or  of  such  materials  as  admit  of  their  removal 
from  place  to  place. 

The  direc^ons  generally  laid  down  in  elementary  hooka 
of  chemistrj',  for  the  construction  of  fixed  furnaces, 
appear  to  me  deficient  in  precision,  and  such  as  a  work- 
man would  find  it  difficult  to  put  in  praaice.  I  have, 
therefore,  given  plans  and  sections,  in  the  two  last  plates, 
of  the  various  kinds  of  furnaces  ;  and,  in  the  Appendix, 
minute  instructions  will  be  found  for  erecting  them.  ^ 

The  furnaces  of  most  general  uulitj'  are,  1st,  the  Itmrf 
Furnace,  in  which  an  intense  heatis  capable  of  being  ex- 
cited for  the  fusion  of  metals,  &c.  In  this  furnace,  tlie 
body  submitted  to  the  action  of  heat,  or  the  vessel  contain- 
ing  it,  is  placed  in  contact  with  the  burning  fuel.  Fig.  60. 
exhibits  one  of  the  most  common  construction.  Fig.  61. 
is  the  section  of  a  wind  furnace  ;  the  plan  of  which  was 
obligingly  communicated  to  me  by  Mr.  Knight  of  Foster 
Lane,  to  whom,  also,  I  am  indebted  for  that  represented, 
fig.  62.  The  wind  furnace  of  Mr.  Chentvix  is  shewn  by 
fig.  74.  2dly,  The  Evfiporating  Furtwce  is  formed  of  iron 
plates,  joined  together  by  rabbeting,  and  placed  over  hori- 
zontal returning  flues.  Figs.  64.  and  65.  are  two  views 
of  this  furnace,  as  recommended  by  Mr.  Knight.  When 
evaporation  is  performed  by  the  naked  fire,  the  vessel  may 
be  placed  on  the  top  of  the  furnace,  fig.  60,  or  61. ;  and 
when  effected  through  the  intervention  of  a  water  bath,  a 
shallow  kettle  of  water,  in  which  is  placed  the  evaporating 
dish  and  its  contents,  may  be  set  in  the  same  situation! 
3dly,  The  Kcverberatory  Furnacv  is  represcntid  by  figs. 

"  StcthcDsKilptJon  of  she  Pl»ws. 
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66,67,68.  AAOyy  The  FmiMKx  fir  Db/^Brnghfrn  Sand 
Beat,  is  oGOttiucted,  by  settiDg  upoo  tbe  top  of  the  brick- 
work,  fig.  6CX,  Ae  inmpoc,  %.  71.;  adoorbongmMie 
in  the  aide  of  tbe  fumaKc  for  intnxliicii^  faeL  Distilai- 
tioQ  by  die  naked  fire,  is  perfermedwiib  tbe  wind  fiiiMte, 
figs.  62,  63.  sAfyj  The  CmfdBng^  or  EnameiSng  fmr- 
nace^  is  shewn  by  figs.  69,  TO. 

Portable  furnaces,  however,  are  ampk'  sofcicnt  fcr  al 
die  purposes  of  the  chemical  student,  at  the  omset  of  Ins 
pursuit.  The  one  which  I  prefer,  is  dat  shewn  b^-  figs. 
58.  and  59.  It  wasoriginadiy  contrived,  I  behrre,  Irr  Mr. 
Schmeisser^  and  is  made,  with  coosideiable  isBprore^ 
meots,  by  Mr.  Kmi^t.  Its  size  is  so  smafl,  that  k  may  be 
set  on  a  table,  and  die  smoke  may  be  oumTi^cd  fiom  it» 
by  a  crooked  iron  pipe,  into  die  dmaney  of  dir  ipaitaBuit. 
Dr.  Black^s  fiimace  bgcnenlly  madec^ahigersBe;  and 
is  adapted  to  operations  on  a  iMMne 
(see  figs.  72.  and  7J.)  Both  these  fimnoes 
ed  of  thin  iron  pbtes,  and  are  lined  with  fire-day.  They 
win  be  ininutdy  described  in  die  refierenccs  to  the 

For  die  purpose  of  rxdting  a  sortdcii  heac,  aad  of 
nng  it  to  great  intcno^,  nodiing  can  be  bMer  aiU|<i.d 
dian  a  very  simple,  chei^  and  ingemoas  Junmrr,  comrive- 
ed  by  Mr.  Charles  Aikin,  fig.  55.  It  is  finwM^  oat  of 
{necesoff  black  lead  meldng  pots,  in  a  maaaer  to  he  lAer* 
wards  described;andissupplied  withairby  apairofdoo- 
bk  bellows,  iL  By  a  digjht  altcTatkm,  dns  finnsii  mnr 
occasionally  be  employed  fisr  die  opeiMion  of  cupcBn^^ 
(see  fig.  57.) 


IL  For  cootaimng  the  materials,  which  are  to  be 
mitted  to  the  action  of  heat  in  a  wind  fiimace,  vessebcal- 
ed  CRUCIBLES  are  enjoyed.  They  are  OKHt  rua— iwJi 
made  erf"  a  mixture  of  firfr<laqr  and  said,  occasiomly  with 
the  addition  of  plumbo^^  or  black  leavL  The  Hessian 
cmdbles  are  best  adapted  far  supporting  an  intense  htat 
without  melting  ;  but  they  are  liafale  to  crack  when  sud» 
denly  heated  or  cooled.  The  porcelain  ones,  made  br 
Messrs.  Wedgwood,  are  of  mudi  purer  materiais,  bet  are 
still  more  apt  to  crack  on  sudden  changes  of  temperature ; 
and,  when  used,  they  should,  therefore,  be  pbccd  m  a 

f  See  his  Mioenlofr,  Tik  m.  mi  ir. 


^  j^mmon  crucible  of  larger  size,  the  interval  being  filled 
Ijlrith  aanii.  The  blatk  lead  crucibles  resist  very  sudden 
'flanges  of  tcmpemturc,  and  may  be  repeatedly  used ;  but 
they  are  destroyed  when  some  saline  substances  (such  as 
nitre)  are  meltei)  in  them,  and  are  consumed  by  a  current 
of  air.  For  certain  purposes  crucibles  are  formed  of  pure 
silver,  or  platina.  Their  form  varies  considerably,  as  will 
appear  from  inspecting  figs.  49,  50,  51,  and  54.  Itisne- 
cessary,  in  all  cases,  to  raise  them  from  the  bars  of  the 
grate,  by  a  stand,  fig.  53.  b.  For  the  purpose  of  sub- 
mitting substances  to  tiie  continued  action  of  a  red  heat, 
and  with  a  considerable  surface  exposed  to  the  air,  the 
hoUow  arched  vessel,  with  a  flat  bottom,  fig.  52.,  termed 
a  mii^e,  is  commonly  used. 

I[I.  £vAFOKATiNG  VESSELS  should  always  be  of  3  flat 
shape,  so  as  to  expose  them  extensively  to  the  action  of 
heat,  (see  a  section  of  one  fig.  13.)  They  are  lormcd  of 
glass,  of  earthen  ware,  and  of  %'arious  metals.  Those  of 
glass  are  with  ditEculty  made  sufficiently  thin,  and  are  of- 
ten broken  by  changes  of  temperature  ;  but  tliey  have  a 
great  advantage  in  the  smoothness  of  their  surface,  and  in 
resisting  the  action  of  most  acid  and  corrosive  substances. 
Evaporating  vessels  of  porcelain,  or  Wedgwood's  ware, 
are  next  in  utility,  are  less  costly,  and  less  liable  to  be 
cracked.  They  are  made  both  of  glazed  and  unglazcd 
ware.  For  ordinary  purposes,  the  former  are  to  be  prefer- 
red ;  but  the  unglazed  should  be  employed  when  great  ac- 
curacy is  required,  since  the  glazing  is  acted  on  by  several 
chemical  substances.  Evaporating  vessels  of  glass,  or 
porcelain,  arc  generally  bedded,  up  to  their  edge,  in  sand, 
(see  fig.  65. ;)  but  those  of  various  metals  are  placed  im- 
mediately over  the  naked  fire.  When  the  glass  or  porce- 
lain vessel  is  very  thin,  and  of  small  size,  it  may  be  safely 
placed  on  the  ring  of  the  brass  stand,  plate  1.  fig.  13.,  and 
the  fiame  of  an  Argand's  lamp,  cautiously  regulated,  may 
be  applied  beneath  it.  A  lamp  thus  supported,  so  as  to 
be  r.'used  or  lowered,  at  pleasure,  on  an  upright  pillar,  to 
which  rings  of  various  diameters  are  adapted,  will  be 
found  extremely  useful ;  and,  when  a  strong  heat  is  re- 
quired, it  is  advisable  to  employ  a  lamp  provided  with 
double  concentric  wicks. 
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IV.  In  the  process  of  evaporation,  the  vapour  for  the 
most  part  is  allowed  to  escape ;  but  of  certain  chemical 
processes,  the  collection  of  the  volatile  portion  is  the  prin- 
cipal object.  This  process  is  termed  distillation.  It 
is  performed  in  vessels  of  various  forms  and  materials. 
The  common  still  is  so  generally  known,  that  a  represen- 
tation of  it  in  the  plates  was  deemed  unnecessaty.  It  con- 
sists of  a  vessel,  generally  of  copper,  shaped  like  a  tea- 
kettle, but  without  its  spout  and  handle.  Into  the  open^ 
ing  of  this  vessel,  instead  of  a  lid,  a  hollow  moveable  head 
is  affixed,  which  ends  in  a  narrow  open  pipe.  This  pipe 
is  received  into  another  tube  of  leiad,  which  is  twisted  spi- 
ndly, and  fixed  in  a  wooden  tub,  so  that  it  may  be  sur- 
rounded by  cold  water,  (fig.  40.  dd.^  When  the  apparatus 
is  to  be  used,  the  liquid  intended  to  be  distilled  is  poured 
into  the  body  of  the  stiO,  and  the  head  is  fixed  in  its  place, 
the  pipe,  which  terminates  it,  being  received  into  the  lead- 
-  en  worm.  The  liquid  is  raised  into  vapour,  which  passes 
into  the  worm,  is  there  condensed  by  the  surrounding  cold 
water,  and  flows  out  at  the  lower  extremi^. 

The  common  still,  however,  can  only  be  employed  for 
voladlizing  substances  that  do  not  act  on  co|[^r,  or  other 
metals,  and  is,  therefore,  limited  to  very  few  opehitions. 
The  vessel,  fig.  2.,  is  of  glass,  or  earthen  ware,  and  is  also 
intended  for  distillation.  It  is  termed  an  alemlnc^  and  con- 
sists of  two  parts ;  the  body  a.  for  containing  the  materials, 
and  the  head  b.  by  which  the  vapour  is  condensed ;  the 

Eipe  c.  conveying  it  to  a  receiver.  Vessels,  termed  retorts j 
owever,  are  more  generally  used.  Fig.  1.  a.  shews  the 
common  form,  and  fig.  13.  a.  represents  a  stoppered,  or 
tubulated  retort.  Retorts  are  made  of  glass,  of  eardien 
ware,  or  of  metal.  When  a  liquid  is  to  be  sulded  at  dis- 
tant intervals  during  the  process,  the  best  contrivance  is 
that  shewn  fig.  26.  a*  consisting  of  a  bent  tube,  with  a 
funnel  at  the  upper  end.  When  the  whole  is  introduced 
at  first,  it  is  done  either  through  the  tubulure,  or,  if  a  plain 
retort,  through  the  funnel,  fig.  10. 

To  the  retort,  a  receiver  is  a  necessary  appendage ;  and 
this  may  either  be  plain,  fig.  1.  b.^  or  tubulated,  as  shewn 
by  the  dotted  lines  at  c.  To  some  receivers  a  pipe  is  add- 
ed, (fig.  13.  bJ)  which  may  be  received  into  a  bottle  be- 
neath. This  vessel,  which  is  principally  useful  for  remov- 
ing the  distilled  liquid  at  different  periods  of  the  process. 


I   vt  termed  a  quilled  receiver.     For  some  purposes,  it  is  ex- 
V  {wdient  to  have  the  quilled  pan  accurately  ground  to  the 
r  Beck  of  the  bottle,  c,  which  should  then  be  furnished  with 
I  .*,  tubulure,  having  a  ground  stopper,  and  should  be  pro- 
vided, also,  with  a  bent  tube,  to  be  occasionally  appUed, 
I  for  conveying  away  any  gases  that  may  be  produced.     The 
j  condensauon  of  the  vapour  is  much  facilitated,  by  length- 
I  sning  the  neck  of  the  retort  with  an  ac/o/'tfr,  (fig.  II.)  the 
f  nider  end  of  which  slips  over  the  retort  neck,  while  its 
I  lUiTow  extremity  is  admitted  into  the  mouth  of  the  re- 
eivcr. 
Heat  may  be  applied  to  the  retort  in  several  modes. 
I   When  the  vessel  is  of  earthen-ware,  and  when  the  dlstil- 
I   led  substance  requires  a  strong  heat  to  raise  it  into  vapour, 
I  ibe  naked  fire  is  applied,  as  shewn  6g.  G3>     Glass-retorts 
t  are  generally  placed  in  heated  sand  (fig.  59. ;}  and,   when 
[  of  a  small  siz«,  the  flame  of  an  Argand's  lamp  cautiously, 
Kgulated,  maybe  conveniently  used  (fig.  13.) 
•  In  several  instances,  the  substance  raised  by  distillation 
is  pardy  a  condensible  liquid,  and  pardy  a  gas,  which  is 
[  not  condensed  till  it  is  brought   Into  contact  with  water. 
I  To  effect  this  double  purpose,  a  series  of  receivers,  termed 
I  Woutfe's  Apparatus,  is  employed.     The  first  receiver  (It. 
L  fig.  30.)  has  a  right-angled  glass  tube,  open  at  both  ends, 
[  ued  into  its  tubulure  ;  and  the  other  extremity  of  the 
I  lube  is  made  to  terminate  beneath  the  surface  of  distilled 
[  water,  contained,  as  high  as  the  horizontal  dotted  line,  in 
f  the  three-necked  bottle  r.     From  another  neck  of  this  bot« 
I  tie,  a  secood  pipe  proceeds,  which  ends,  like  the  first,  un- 
I  dcr  water,  contained  in  a  second  bottle  ti.     To  tlie  central 
['  neck  a  straight  tube,  open  at  both  ends,  is  fixed,  so  that 
its  lower  end  may  be  a  little  beneath  the  surface  of  the 
liquid.     Of  these  bottles  any  number  may  be  employed 
that  is  thou^t  necessarj. 

The  materials  being  introduced  into  the  retort,  the  ar- 
rungetnent  completed,  and  the  joints  secured  in  the  man- 
ner to  be  presendy  described,  the  distillation  is  begun. 
The  condensible  v.apour  collects  in  a  liquid  form  in  the 
balloon  6,  while  the  e\olved  gas  passes  through  the  bent 
ppe  beneath  the  surface  of  the  water  in  c,  which  conti- 
nues to  absorb  it  till  saturated.  When  the  water  of  the 
first  botde  can  absorb  no  more,  the  gas  passes,  unconden- 
eed,  through  the  second  right-angled  tube,  into  tlie  water 
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of  the  second  bottle,  which,  in  its  turn,  becomes  satura- 
ted. Any  gas  that  may  be  produced,  wluch  is  not  absor- 
bable by  water,  escapes  through  the  bent  tube  e^  and  may 
be  collected,  if  necessary.  ' 

Sappoung  the  bottles  to  be  destitute  of  the  middle  necks, 
and,  consequeody,  without  the  perpendicular  tubes,  the 
process  would  be  UaUe  to  be  interrupted  by  an  accident : 
For  if,  in  consequence  of  a  diminished  temperature,  an 
absorption  or  condensadon  of  gas  should  take  place  in  the 
retort  a,  and,  of  course,  in  the  balloon  i,  it  must  necessa- 
rily ensue,  that  the  water  of  the  bottles  c  and  d  would  be 
forced,  by  the  pressure  of  the  atmosphere,  into  the  bal- 
lodD,  and  possibly  into  the  retort ; — but,  with  the  addi- 
tion of  the  central  tubes,  a  sufficient  quandty  of  air  rushes 
through  them  to  supply  any  accidentad  vacuum.  Tlus  in- 
convenience, however,  is  still  more  conveniendy  obviated 
by  Welthe^-'s  tube  of  safety  ^fig.  31.  by)  which  supersedes 
the  expediency  of  three-necked  bottles.  The  apparatus 
being  mijusted^  as  shewn  by  the  figure,  a  small  quantity  (^ 
water  is  poured  into  the  funnel,  so  as  to  about  half  fill  the 
ball  b.  When  any  absorption  happens,  the  fluid  rises  m 
die  baH,  till  none  renuuns  in  the  tube,  when  a  quantity  of 
m  immediately  rushes  in.  On  the  other  hamd,  nogaa  can 
esc^,  because  any  pressure  from  within  is  instandy  fol- 
lowed by  the  formation  of  a  high  column  of  liquid  in  the 
peipendicular  part,  which  resists  the  egress  of  gas.  This 
ingenious  invention  I  can  recommend,  from  ample  expe- 
rience of  its  utility. 

Very  useful  alterations  So  the  construction  of  Woulfis's 
apparatus  have  been  contrived  also  by  Mr.  Pepys  and  Mr. 
Knight.  That  of  die  former  i^  shewn  (fig.  32.,)  where 
the  balloon  b  is  surmounted  by  a  vessel  accurately  ground 
to  it,  and  furnished  with  a  glass-valve,  resembling  that 
affixed  to  Nooth's  apparatus.  Thb  valve  allows  gas  to 
pass  freely  into  the  vessel  ^,  but  prevents  the  water  which 
it  contains  from  falling  into  the  balloon.  Mr.  Knight's 
improvement  is  described,  and  represented  in  a  plate,  ia 
the  Philosophical  Magazine,  Vol.  XX.* 

When  a  volatile  substance  is  submitted  to  distillation^ 
it  is  necessary  to  prevent  the  escape  of  the  vapour  through 

*  Another  modification  of  this  appiratus  by  Mr.  Murray,  it  represented 
in  Nich.  Joum.  8to.  Vol.  HI. 
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the  junciures  of  the  vessels  ;  and  ihU  is  accomplished  bj*  J 
the  application  of  lutes.  The  most  simple  method  otI 
confining  the  vapour,  it  is  obvious,  would  be  to  connect  the  " 
places  of  juncture  accurately  together  by  grinding;  andac-' 
cordingly  the  neck  of  the  retort  is  sometimes  ground  to  ! 
the  tnouth  of  the  receiver.  This,  however,  adds  too  much" , 
lo  the  expense  of  apparatus  to  be  generally  practised. 

When  the  distilled  liquid  has  no  corrosive  property, 
(such  as  water,  alcohol,  ether,  &c.)  slips  of  moistened 
bladder,  or  of  paper  or  linen  spread  with  flour  paste,  white 
of  egg,  or  mucilage  of  gum  Arabic,  sufficiently  answer  the 
purpose.  The  substance  which  remains,  after  expressinjf 
the  oil  from  bitter  almonds,  and  which  is  sold  under  the 
name  of  almond-meal  or  flour,  forms  a  useful  lute,  when 
mixed,  to  the  consistency  of  glaziers'  putty,  with  ivaier  or 
mucilage.  For  confining  the  vapourof  acid  or  highly  cor- 
rosive substances,  the  fat  lute  is  well  adapted,  h  is  form- 
ed, by  beating  perfecUy  dry  and  finely  sifted  tobacco-pipe- 
clay with  painter's  dr\ing  oil,  to  such  a  consistence  that  it 
may  be  moulded  by  the  hand.  The  same  claj',  beat  up 
with  33  much  sand  as  it  will  bear,  without  losing  its  tena> 
city,  with  the  addition  of  cut  tow,  or  of  horse-dung,  and 
'a  proper  quantity  of  water,  furnishes  a  good  lute,  which 
has  the  advantage  of  resisting  a  considerable  heat,  and  is 
applicable  in  cases  where  the  fat  lute  would  be  melted  or 
destroyed-  Various  other  lutes  are  recommended  by  che- 
mical writers ;  but  the  few  that  have  been  enumerated  I 
find  to  be  amply  sufficient  for  every  purpose. 

On  some  occasions,  it  is  necessarj'  to  protect  the  retort 
from  too  sudden  changes  of  temperature  by  a  proper  coat- 
ing. For  glass  retorts,  a  mixtureof  common  clay  or  Icram 
with  sand,  and  cut  shreds  of  fiax,  may  be  employed.  If 
the  distillation  be  performed  by  a  sand  heat,  the  coating 
needs  not  to  be  applied  higher  than  that  part  of  the  retort 
which  is  bedded  in  sand  ;  but  if  the  process  be  performed 
in  a  wind  furnace  (fig.  63.,)  the  whole  body  of  the  retort, 
and  that  part  of  the  neck  also  which  is  exposed  to  heat, 
must  be  carefully  coated.  To  this  kind  of  distillation, 
however,  earthen  retorts  are  better  adapted  ;  and  they  may 
be  covered  with  a  composition  originally  recommended  by 
Mr.  Willis.  Two  ounces  of  borax  are  to  be  dissolved  in 
a  |)int  of  boiling  water,  and  a  sulTicient  quantity  of  slaked 
lime  added,  lo  give  it  the  thickness  of  cream.     This  is  to 
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be  applied  by  a  painter's  brush,  and  allowed  to  dry.  Over 
this  a  thin  paste  is  afterwards  to  be  applied,  formed  of  slak- 
ed lime  and  common  linseed-oil,  well  mixed  and  perfectly 
plastic  In  a  day  or  two,  the  coating  will  be  sufficiendy 
dry  to  allow  the  use  of  the  retort. 

For  joining  together  the  parts  of  iron  vessels,  used  in 
distillation,  a  mixture  of  the  finest  China  clay,  with  solu- 
tion of  borax,  is  well  adapted.  In  all  cases,  the  different 
parts  of  any  apparatus  made  of  iron  should  be  accurately 
fitted  by  boring  and  grinding,  and  the  above  lute  is  to  U 
applied  to  the  part  which  is  received  into  an  aperture. 
This  will  genendly  be  sufficient  without  any  exterior  lut- 
ing :  otherwise  the  lute  of  clay,  sand,  and  flax,  already 
described,  may  be  used. 

In  every  instance,  where  a  lute  or  coating  is  applied,  it 
is  advisable  to  allow  it  to  dry  before  the  disdllation  is  be- 
gun ;  and  even  the  fat  lute,  by  exposure  to  the  air  during 
one  or  two  days  after  its  application,  is  much  improved  in 
its  quality.  The  clay  and  sand  lute  is  perfecdy  useless, 
except  it  be  previously  quite  dry.  In  applying  a  lute,  the 
part  immediately  over  the  juncture  should  swell  outwards, 
and  its  diameter  should  be  gradually  diminished  on  each 
side  rSee  fig.  13.,  where  the  ludng  is  shewn,  applied  to 
the  joining  of  the  retort  and  receiver.) 

Besides  the  apparatus  already  described,  a  variety  of 
vesseb  and  instruments  are  necessary,  having  little  resem- 
blance to  each  other,  in  the  purposes  to  which  they  are 
adapted.  Glass  vessels  are  required  for  effecting  solution^ 
which  often  requires  the  application  of  heat,  and  sometimes 
for  a  considersdble  duration.  In  the  latter  ca3e  it  is  termed 
digestion,  and  the  vessel  fig.  4.,  called  a  mattras^  is  the 
most  proper  for  performing  it.  ^Vhen  solution  is  qiuckly 
eflfected,  the  bottle  fig.  5.,  with  a  rounded  bottom,  may 
be  used,  or  a  common  Florence  oil  flask  serves  the  same 
purpose  extremely  well,  and  bears,  without  cracking,  sud- 
den changes  of  temperature.  Vox  precipitations^  and  se- 
parating liquids  from  precipitates,  the  decanting-jar  (fig. 
16.)  will  be  found  useful ;  or,  if  preferred,  it  maybe  shaped 
as  in  tig.  26.  f*  Liquids,  of  different  specific  gravities,  are 
separated  by  the  vessel  fig.  3. ;  the  heavier  fluid  being 
drawn  off  dirough  the  cock  (,  and  air  being  admitted  by 
the  removal  of  the  stopper  a,  to  supply  its  place.  Glasd 
rods,  of  various  length,  and  spoons  of  the  same  materi 


CHEMICAL    APFARATL'S. 

or  of  porcelain,  are  ustiful  for  stirring  acid  and  corrOHii 
liquids  ;  and  a  stock  of  cjlindrical  tubes,  of  various  sizrs, 
is  required  foroccasional  purposes.  It  is  necessary  also  lo 
be  provided  with  a  stries  of  glass  measures,  graduated  in- 
to drachms,  ounces,  and  pints. 

Accurate  beams  and  soiles,  of  various  sizes,  with  corre- 
sponding  weights,  some  of  which  are  capable  of  weighing 
several  pounds,  while  the  smaller  size  ascertains  a  minute 
fraction  of  a  grain,  are  essential  instruments  in  the  che- 
mical bboraton,-.  So  also  are  mortars  of  different  male- 
rials,  such  as  of  glass,  porcelain,  agate,  and  metal.  Wood- 
en stands,  of  various  kinds,  for  supporting  receivers, 
should  be  pro\ided.  For  purposes  of  this  sort,  and  for  oc- 
casional!}' raising  to  apropcr  height  any  article  of  apparatus, 
a  scries  of  blocks,  made  of  well-seasoned  wood,  eight 
inches  (or  any  other  Dumber)  square,  and  respeclivtlv 
eight,  four,  two,  one,  and  half  an  Inch  in  thickue&s,  will 
be  found  extremely  useful ;  since,  by  combining  them  in 
different  ways,  no  less  than  thirty-one  difTer^nt  heights 
may  be  attained. 

T^e  blow-pipe  is  an  instrument  of  much  utility  in  che- 
inicd  researches.  A  small  one,  invented  by  Mr.  Pcpys, 
with  a  flat  c)  lindrical  box  for  condensing  the  %-apour  of 
the  breath,  and  for  containing  caps,  to  be  occasionally  ap- 
plied with  ajicrtures  of  various  sizes,  is  ptrhajra  the  most 
commodious  form.  A  blow-pipe,  which  is  supplied  with 
air  from  a  pair  of  double  bellows  worketl  by  the  foot,  may 
be  applied  to  purposes  that  require  both  hands  lo  be  left 
liberty,  and  will  be  found  useful  in  blowing  glass,  and 
bending  tubes.  The  latter  purpose,  however,  may  be  i 
complished  by  holding  them  over  an  Argand's  lamp  wi 
double  wicks. 

In  the  course  of  this  work,  various  othi  r  articles  of  aj*. 
paratus  will  be  enumerated,  in  detailing  the  purposes  to 
which  they  arc  adapted,  and  the  princijiles  on  which  thej- 
are  constructed.  It  must  be  remembered,  however,  that 
it  is  no  part  of  my  ohjem  to  describe  every  ingenious  and 
complicated  invention,  which  has  been  emploved  in  the 
investigation  of  chemical  science  ;  but  merely  to  assist  tlie 
student  in  attaining  apparatus  for  general  and  ordinary 
purposes.  For  such  puiposes,  and  even  for  the  prosecu- 
tion of  new  and  important  inquiries,  very  simple  means 
are  sufficient ;  and  aoaft  of  tfw  most  faitereatinK  chenacal 
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fiicts  may  be  eiUbited  with  the  ad  merely  of  Florence 
flasks,  of  common  viab,  and  of  wine  i^asses.  In  convert- 
ing these  ID  the  purposes  of  apparatus,  a  considerable  sa* 
ving  of  expence  will  accrue  to  die  experimentalist ;  and  he 
will  avoid  the  incumbrance  of  various  instruments,  the  va- 
lue of  which  consists  in  show,  rather  than  in  real  utility. 

In  the  selection  of  experiments,  I  shall  generally  choose 
such  as  may  be  undertaken  by  persons  not  possessed  of  an 
extensive  chemical  apparatus.  On  some  occasions,  how- 
ever,  it  may  be  necessar}^  in  order  to  complete  the  series, 
that  others  should  be  included,  requiring,  fer  their  per- 
formance, instruments  of  considerable  nicety.  The  same 
experiment  may,  perhaps,  in  a  few  instances,  be  repeated- 
ly introduced  in  iDustradon  of  <Merent  principles  ;  but 
diis  repetidon  will  be  avoided  as  much  as  possible.  Each 
experiment  will  be  preceded  by  a  brief  enunciation  of  the 
general  truth  which  it  is  intended  to  illustrate. 


CHAP.  II. 


CHEMICAL   AFIIKITY,  SOLUTION,  &C 

For  these  experiments,  a  few  wine  glasses,  or,  in  pre- 
ference, deep  ale  glasses,  will  be  requir^ ;  and  a  Florence 
flask  for  perfonning  the  solutions. 

I.  Some  hoditt  hone  no  affimtyfor  each  other. — Oil  and 
water,  mercury  and  water,  or  powdered  chalk  and  water, 
when  shaken  together,  do  not  combine ;  the  oil  or  water 
dwajra  rising  to  the  surface,  and  the  mercury  or  chalk 
sinking  to  the  bottom. 

IL  Examples  of  chemical  affinity^  and  its  most  simple 
effect^  mz*  ^atoio/i.— -Sugar  or  common  salt  in  water, 
chalk  in  dilute  muriadc  acid.^ 

III.  Influence  ofmechanicaldivision  in  promoting  the  ac- 
tion of  chemical  a£imty^  or  in  favouring  solution. — Lumps 


tion. 


*  I  omit,  purpowly,  the  distinctioii  between  the  lolutioo  and  dinols- 
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jofchallc  or  marble  dissolve  much  more  slowly  in  tlilutrmu- 
Lliatic  acid,  than  equal  weights  of  the  same  bodies  in  pow- 
r  dcr.     Muriate  of  lime,  or  nitrate  of  ammonia,  cast,  after 
f  liquefaction  by  heat,  into  the  shape  of  a  solid  sphere,  is 
very  slowly  dissolved ;  bat  with  great  rapidity  when  in  the 
Hlate  of  a  powder  or  of  crjatals.     When  a  lump  of  the 
Derbyshire  fluateof  lime  is  immersed  in  concentrated  sul- 
It  phuric  acid,  scarcely  any  action  of  the  two  substances  on 
I   each  other  takes  place  ;  but  if  the  stone  be  finely  pulver- 
I  izcd,  and  then  mingled  with  the  acid,  a  violent  action  is 
manifested,  by  the  copious  escape  of  vapours  of  fluoric 
scid.     In  the  common  arts  of  life,  the  rasping  and  grind- 
ing of  wood  and  other  substances  are  famiUar  examples. 

IV-  Hot  liquids  are  more  powerftd  sohenls  ihancoUi  ones. 

—To  four  ounce  measures  of  water,  at  the  temperature  of 

the  atmosphere,  add  three  ounces  of  sulphate  of  soda  in 

powder.     Only  part  of  the  salt  will  be  dissolved,   even 

,    after  being  agitated  some  time.     Apply  heat,  and  the  whole 

i  of  the  salt  will  disappear.     When  the  liquor  cools,  a  por- 

rfion  of  salt  will  separate  again  in  a  regular  form.     This 

Clastappearance  affords  an  instance  of  m/A'(a/^iK(if(on.(N.  6.) 

T      V,  ^  "ery  minute  division  of  bodies  is  ejected  bij  solution. 

—Dissolve  two  grains  of  sulphate  of  iron  in  a  quart  of 

irater,  and  add  a  few  drops  of  this  solution  to  a  wine-glass- 

Filll  of  water,  into  which  a  few  drops  of  tincture  of  galls 

'lave  been  fallen.     The  dilute  infusion  of  galls  will  speedi- 

y  assume  a  purplish  hue.     This  shows  that  every  drop  of 

me  quart  of  water,  in  which  the  sulphate  of  iron  was  tUs- 

solved,  cont^ns  a  rotable  portion  of  the  salt. 

VI.  Some  bodies  dissolve  much  more  readily  and  coftiowt- 

Jy  than  Others. — Thus,  an  ounce  measure  of  distilled  wa- 

,  ter  will  dissolve  half  its  weight  of  sulphate  of  ammonia, 

le-third  its  weight  of  sulphate  of  soda,  one-sixteenth  of 

L  sulphate  of  potash,  and  only  one-tivc  hundredth  its  weight 

of  sulphate  of  lime. 

Vn.  Mechanical  agitation  facititutes  solution, — Into  a 
wine-glass-full  of  water,  tinged  blue  with  the  infusion  of 
litmus,  let  fall  a  small  lump  of  solid  tartarous  acid.  The 
acid,  if  left  at  rest,  even  during  some  hours,  will  only 
change  to  red  that  poruon  of  the  infusion  which  is  in  im- 
mediate contact  with  it.  Stir  the  liquor,  and  the  whole 
will  immediately  become  red. 
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VIII.  BoAes  do  not  acton  each  other^  unkss  either  one 
or  both  be  in  a  9taie  ofsohttion. — 1.  Mix  some  dry  acid  of 
tartar  with  diy  caiiwnate  of  potash.  No  combmation  will 
ensue  till  water  is  added,  which,  acung  the  part  of  a  sol* 
vent,  promotes  the  union  of  the  acid  and  alkali,  as  appears 
from  the  violent  efiervescence. 

2.  Spread  thinly,  on  a  piece  of  tinfoil,  three  or  four  inches 
square,  some  dry  nitrate  of  copper,^  TN.  T.)  and  vrrap  it 
up.  No  effect  will  follow.  Unfold  the  tinibil,  and  hav* 
ing  sprinkled  the  nitrate  of  copper  with  very  little  water, 
wrap  it  up  again  as  quickly  as  possible,  pressing  down  the 
edges  closely.  Considerable  heat,  attended  with  fumes, 
will  now  be  ezdted ;  and,  if  the  experiment  has  been  dex- 
terously managed,  even  light  will  be  evolved.  This  shows 
that  nitrate  of  copper  has  no  action  on  tin,  tjXL  in  a  state  of 
solution. 

IX.  Bodies  J  even  when  in  a  state  of  sobitioUj  do  not  act  on 
each  other  ai  perceptible  distances;  mother  words,  contigu- 
ity  is  essential  to  the  action  of  chemical  aflinir|r. — ^Thus, 
w}ien  two  fluids  of  different  specific  gravities,  and  which 
have  a  strong  a£Bnity  for  each  other,  are  separated  bv  a 
diin  stratum  of  a  third,  which  exerts  no  rem^able  action 
on  either.,  no  combination  ensues  between  the  uppermost 
and  lowest  stratum.  Into  a  glass  jar,  or  deep  ale-glass, 
pour  two  ounce-measures  of  a  soludon  of  carbonate  of 
potash,  containing,  in  that  quantity,  two  drachms  of  com- 
mon salt  of  tartar.  Under  this  introduce,  very  carefully, 
half  an  ounce-measure  of  water,  holding  in  solution  a 
drachm  of  oofamion  salt ;  and  agsdn,  under  both  these, 
two  ounoe-measures  of  sulphuric  acid,  which  has  been  di- 
luted with  an  equal  wei^t  of  water.  The  introduction  of 
a  second  and  third  liquid  beneath  the  first,  is  best  effect- 
ed, by  filling,  with  the  liquid  to  be  introduced,  the  drop- 
ping tube  fig.  15.  pi.  1.,  which  is  done  by  the  action  of  the 
mouth.  The  finger  is  then  pressed  on  the  upper  orifice  of 
the  tube  ;  and  the  lower  orifice,  being  brought  to  the  bot- 
tom of  the  vessel  containing  the  liquid,  the  finger  is  with- 
drawn, and  the  liquid  descends  from  the  tube,  without 

*  To  prepare  nltnce  of  copper,  dinolve  the  filings  or  turnings  of  that 
juetal  in  a  mixture  of  one  pan  nitrous  acid  and  three  parts  water  ;  de- 
cant the  liquor  when  it  has  ceased  to  emit  fumes  ;  and  evaporate  it  to 
dryness,  in  a  copper  or  earthen  dish.  The  dry  nia^  must  be  kept  in  a 
bottle. 


with  theupperstratum.  When  a  solution  of  car- 
iKinatc  of  potash  19  thus  Gtparated  rrom  dilute  sulphuric 
acid,  for  which  it  has  a  powerful  affinity,  by  the  interven- 
tion of  a  thin  stratum  of  brine,  the  two  fiuids  will  remain 
distinct  and  inefficient  on  each  other  ;  but,  on  stirring  the 
mixture,  a  violent  effervescence  ensues,  in  consequence  of 
the  action  of  the  sulphuric  acid  on  the  potash. 

X.  Two  bodies, havingno  affnily  for  eMkother,  unite hy 
the  intervention  ofa  third. — Thus,  uie  oil  and  waterwhich, 
in  Experiment  I.,  could  not,  by  agitation,  be  brought  into 
union,  unite  immediately  on  adding  a  solution  of  caustic 
potash.     The  alkali,  in  this  case,  acts  as  an  intermedium. 

XI.  Saturation  iliustrated. — Water,  after  having  taken 
up  as  much  common  salt  as  it  can  dissolve,  is  said  to  be 
saturated  with  salt.  Muriatic  acid,  when  it  lias  ceased  to 
att  any  longer  on  lime,  is  said  to  be  saturated. 

XII.  Some  bodies  unite  in  one  definite projiortion  only  ; 
others  in  two  or  three ;  rv/tile  others  again  unite  In  ali propor- 
tion!.:— Thus  azote  and  hydrogen  are  only  known  to  com- 
bine in  the  proportion  of^  80  parts  of  the  former  to  30  of 
the  latter.  The  tartarous  acid  aftbrds  two  distinct  com- 
pounds, with  two  different  proportions  of  potash.  Sul- 
phuric acid  unites  with  water,  in  almost  every  proportion. 

XIII.  The  properties  characterising  bodies,  when  septf 
rate,  are  destroyed  by  chemical  combinationyOnd  new  proper- 
ties appear  in  the  campound. — Thus,  muriatic  acid  and 
lime,  which,  ina  separate  state,  have  each  a  most  corro^ve 
t;iste,  lose  this  entirely  when  mutually  saturated;  the  com- 
pound is  extremely  soluble,  though  lime  itself  is  vcr)-  dift 
ticult  of  solution ;  the  acid  no  longer  reddens  syrup  of  vio* 
lets  ;  nor  does  the  time  change  it.  as  before,  to  green. 

XIV.  Simple  elective  affinity  illustrated. — 1.  Add  to  the 
combination  of  oil  with  alkali,  formed  in  Experimenl  X.,  a 
little  dilute  sulphuric  acid.  The  acid  will  seize  the  alkali, 
and  set  the  oil  at  liberty,  which  will  rise  to  the  top.  In 
this  instance,  the  affinity  of  alkali  for  acid  is  greater  than 
that  of  alkali  for  oil.  2.  To  a  dilute  solution  of  muriate 
of  IJnic,  (prepared  in  Experiment  11.)  add  a  htde  of  the 
solution  of  pore  potash.  The  potash  will  seize  the  muri- 
atic acid,  and  the  lime  will  fall  down,  or  be  precipitated. 

From  facts  of  this  kind,  tables  of  elective  affinity  have 
been  formed.  The  substance,  whose  affinities  are  to  be 
represented,  is  placed  at  the  head  of  a  column  ;  and  be. 
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neathit  the  bodies  for  which  it  has  an  attraction,  placing 
those  nearest  to  it  which  it  attracts  most  strongly.  Thus, 
in  representing  the  affinities  of  muriatic  acid,  the  following 
scheme  is  em^oyed:^ 

Muriatic  Acid. 


Barytas, 
Soda, 
Potash, 
Strontites, 
Lime, 
Magnesia, 
Ammonia, 
Alumine, 
&c.  &c« 


XV.  In  every  instance^  in  comparing  the  affinities  of  two 
bodies  for  a  thtrd^  a  more  feeble  affinity^  in  one  of  the  two 
£omparedf  xviU  be  found  to  be  compensated  by  increastinr  its 
fuantlty. — ^Thus,  thourii  from  a  compound  of  A  and  C,  B 
may  be  unaUe  to  detadn  any  part  of  C,  when  employed  on- 
ly m  the  quantity  which  would  be  required  to  saturate  C 
if  smrate ;  yet,  by  gread^  augmenting  its  quantity,  B 
acquires  a  portion  of  C,  and  pairdy  decomposes  die  finm- 
er  oompound*  Barytes  for  example,  has  a  stronger  affi- 
nity tiian  potash,  for  muriatic  acid  :  But,  if  a  oombinatioo 
of  barytes  and  muriatic  acid  be  boiled  in  contact  with  a 
large  quantity  of  potash,  the  potash  will  detach  muriatic 
acid  from  the  barytes,  in  direct  proportion  to  its  quantity. 

It  is  not  easy  to  offer  dear  and  unequivocal  ezamnks  of 
thb  law,  and  such  as  the  student  may  sidmiit  to  tne  test 
of  experiment.  The  following,  however,  msty  serve  sulL 
ciendy :  Mingle  together,  in  a  mortar,  one  part  of  mu^ 
riate  of  soda  (common  salt)  with  half  a  part  of  red  oxide 
of  lead  (lithai^,  or  red  lead,)  and  add  sufficient  water  to 
form  a  min  paste.  The  oxide  of  lead,  on  examining  the 
mixture  after  twent}'4bur  hours,  will  be  found  not  to  have 
detached  the  muriatic  acid  from  the  soda  ;  for  the  strong 
taste  of  that  alkali  wiU  not  be  appartoU  Increase  tlir 
weight  of  the  oxide  of  lead  to  three  or  four  times  that  of 

*  Sec  the  Tabk  of  Afinitiei  in  tf.c  Appmdh. 
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the  salt )  and,  after  the  same  interval,  the  mixture  will  ex- 
hibit, by  its  taste,  marks  of  uncombincd  soda.  This 
proves,  that  the  larger  quaniin-  of  tho  oxide  must  have 
detached  a  considerable  portion  of  muriatic  acid  from  the 
soda,  though  the  oxide  has  a  weaker  afHuity  for  that  acid 
than  the  soda  possesses. 

It  ib  in  consequence  of  the  same  law,  that,  if  we  take  a 
given  quantity  of  muriatic  acid,  and  add  to  it,  at  the  same 
time,  a  portion  of  barytes,  and  another  of  potash  either  of 
which  would  have  been  precisely  sufficient  for  saturating 
the  acid,  if  separately  applied,  the  whole  of  the  battles 
does  not  combine  with  the  whole  of  the  acid,  to  the  com- 
plete exclusion  of  the  potash  ;  but  the  latter  substance, 
idso,  combines  with  a  portionof  the  acid.  Hence  muriate 
of  barytes,  and  muriate  of  potash,  are  both  formed,  and 
a  part  of  each  base  remains  uncombined.  According  to 
BerthoUet,  the  absolute  weight  of  any  body,  multiplied 
by  its  affinity,  constitutes  its  mass ;  and  bodies  act  not  by 
their  affinities,  abstractedly  considered,  but  by  their  mass  ; 
a  larger  mass  compensaung  a  weaker  affinity-.  1'hus  sup- 
posing, for  the  sake  of  illustration,  (what  is  not  accurate 
in  fact)  that  the  affinity  ofbarytes  for  muriatic  acid  is  twice 
as  strong  as  that  of  potash,  or  that  these  affinities  are  res- 
pectively denoted  by  the  numbers  4  and  2,  the  same  mass 
will  result  from  4  parts  of  barjles  as  from  8  of  potash  ; 
because  the  same  product  (16)  is  obtained,  in  each  instance, 
by  multiplying  the  number  indicating  the  affinity  into  that 
denoting  the  quantity.  In  this  case,  therefore,  tu  divide 
a  portion  of  muriatic  acid,  between  barvtes  and  potash, 
these  two  bodies  should  be  employed  in  the  proportion  of 
2  of  the  former  to  4  of  the  latter, 

The  important  influence  of  mass  has  been  extensively 
traced  by  BerthoUet,  and  has  been  applied  by  him  to  the 
explanation  of  a  great  variety  of  chemical  phenomena. 
When  the  student  has  enlarged  his  acquaintance  with  tliis 
aciencc,  and  has  become  familiar  with  its  common  facts,  it 
will  be  expedient  that  he  should  read  attentively  the  "Che- 
mical Statics"  of  BerthoUet,  and  his  "  Researches  imo 
the  Laws  of  Affinity." 

XVI.  Bouhle  elective  offiiiUif  exemplified, — In  a  wattn- 
solution  of  sulphate  of  zitic,  immerse  a  thin  sheet  of  lead  : 
The  lead  will  remain  unaltered,  as  also  will  the  sulphate 
of  zinc,  because  zinc  attracts  svilphoric  acid  more  sironj' 
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than  lead.  But  let  acetite  of  lead  be  mixed-with  sulphate 
of  zinc :  The  lead  will  then  go  over  to  the  sulphuric  acid, 
while  the  zinc  passes  to  the  acetous.  The  sulphate  of 
lead,  being  insoluble,  will  fall  down  in  the  state  of  a  white 
powder ;  but  the  acetite  of  zinc  will  remain  in  solution. 
The  chsmges  that  occur  in  this  experiment  will  be  better 
understood  from  the  following  scheme  : 

Acetite  of  Zinc. 

t ^  '^ 

Sulphate  of  f  Zinc  and  Acetous  Addl  a^«:»..  of 

ZincTconJ  ^i     ^ 

sistingof    tSulphc.  acid  and  Lead      J  "^^ 

Sulphate  of  Lead. 

The  verdcal  brackets  include  the  original  compounds, 
viz.  su^hate  of  zinc,  and  acetite  of  lead ;  and  the  hori- 
zontal brackets  point  out  the  new  ones,  viz.  acetite  of  zinc 
and  sulphate  of  lead.  Bv  the  point  of  the  bracket  turning 
upwaros,  it  is  denoted,  tnat  the  acetite  of  zmc  renudns  in 
aolution ;  and,  by  that  of  the  bwer  one  being  directed 
downwards,  it  is  meant  to  express,  that  the  sulphate  of 
lead  fidk  down,  or  is  precipitated.  In  cases  ot  double 
decomposidon,  where  both  substances  are  precipitated, 
they  are  bodi  placed  beneath  the  lower  bracket;  and, 
when  both  remun  in  solution,  above  the  uj^rone. 

The  phenomena  of  double  aflSnity  have  been  shewn  by 
Beilfaouet,  to  be  equally  influenced  by  the  circumstance 
of  quantity,  witii  tlume  of  smg^  aflbiity.  The  experi- 
ments of  this  plulosopher  have  proved,  that  a  complete 
exchange  of  bases,  which  might  have  been  expected  nt>m 
the  enunciation  of  the  general  law,  happens  in  very  few 
instances^  Numerous  examples  of  these  exceptions  may 
be  seen,  p.  103.  and  106.  ot  his  «^  Researches." 


(.UAP    lU. 


Effecti  of  Caloric  of  TempcTaturi; 


r  Uncomhined  Calorii-. 


I.  Calor'fC  expands  all  hodki. — 1.  The  expansion  of  ii-  j 
quids  is  shownby  that  of  the  mercury  of  a  thermometer,  of  J 
by  immersing  in  hot  water  a  glass  matrass  (pi.  1.  (ig.  4*,) 
lUlcd,  up  to  a  mark  in  the  neck,  with  spirit  ol  wine,  tinged 
with  any  colouring  substance.  The  spirit  expands  imme- 
diately when  heated,  and  would  overflow  if  not  placed  in 
a  cooler  situation.  The  degree  of  expansion  produced  in 
different  liquids,  by  similar  elevations  of  temperature,  va- 
ries very  considerably.  Thus,  water  expands  much  more 
than  merciin",  and  alcohol  more  ilian  water  (See  a  table  of 
the  expansion  of  litjuids,  in  "Thomson's  Chemistry,"  I. 
345.)  2.  The  expansion  of  atriform  bodies  is  shewn,  by 
holding,  near  the  fire,  a  bladder  filled  with  air,  the  neck 
of  which  is  closely  tied,  go  as  to  prevent  the  inclosed  air 
from  escaping.  The  bladder  will  soon  be  fully  distended, 
and  may  wen  be  burst  by  continuing  and  increasing  the 
heat.  3.  The  expansion  of  solids  is  evinced,  by  heating 
a  rod  of  iron,  of  such  a  length  as  to  be  includetl,  when 
cold,  bct^vcen  two  points,  and  the  diameter  of  which  is 
such,  as  barely  to  allow  it  to  pass  through  an  iron  ring. 
When  heated,  it  will  have  become  sensibly  longer ;  and  it 
will  be  found  incapable  of  passing  through  the  ring. 

The  degree  of  expansion  is  not  the  same  for  all  solids, 
and  even  differs  materiallv  in  substances  of  the  sanic  chiss. 
Thus,  the  metals  expand  in  the  following  order,  tht  most 
expansible  being  placed  first ;  zinc,  lead,  tin,  coiip^:!,  biii- 
muth,  iron,  steel,  antimony,  platinn. 
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All  the  above  bodies  return  again,  on  cooling,  to  their 
former  dimensions. 

II.  Construction  of  the  Thermometer  founded  on  theprin- 
cipk  of  expansion. — ^The  thermomett  r  is  an  instrument  of 
so  much  importance,  that  it  may  be  expedient  to  explain 
the  construction  of  the  different  kinds  which  are  required 
in  chemical  researches. 

The  instrument  employed  by  Sanctorio,  to  whom  the 
invention  of  the  thermometer  is  generally  ascribed,  was  of 
a  very  simple  kind,  and  measured  variations  of  tempera- 
ture by  the  variable  expansion  of  a  confined  portion  of 
aur.  To  prepare  this  instrument,  a  glass  tube  (pi.  1.  fig.  9.) 
is  to  be  provided,  eighteen  inches  long,  open  at  one  end, 
and  blown  into  a  ball  at  the  other.  On  applying  a  warm 
hand  to  the  ball,  the  included  air  expands,  and  a  portion 
is  expelled  through  the  open  end  of  the  tube.  In  this 
state,  the  aperture  is  quickly  immersed  in  a  cup  filled 
with  any  coloured  liquid,  which  ascends  into  the  tube,  as 
the  air  in  the  ball  contracts  by  cooling.  The  instrument 
is  now  prepared.  An  increase  of  temperature  forces  the 
liquor  down  the  tube  ;  and,  on  the  contrary,  the  applica- 
tion of  cold  causes  its  ascent.  These  effects  mav  be  ex- 
luUted,  fav  alternately  applying  the  hand  to  the  ball,  and 
dien  blowing  on  it  widi  a  pair  of  bellows ;  and,  by  the  ap- 
plieation  of  a  graduated  sode,  the  amount  of  the  expansion 
may  be  measured. 

'  The  ball  of  the  above  instrument,  it  must  be  obvious, 
cannot  be  cooveniendy  apiriied  to  measure  the  temperaturu 
of  liqiuds.  To  adapt  it  to  this  purpose,  a  slight  variation, 
mav  be  nade  in  its  construction,  as  represented  fig.  8.  a. 
Otoer  modttcations  have  also  been  made  by  different  phi- 
losophers. One  of  die  most  useful  and  simple  forms  is  re« 
presented  lig.  8.  &  It  consists  merely  of  a  tube  of  very 
smaH  bore,  from  9  to  12  inches  long,  at  one  end  of  which 
is  blown  a  ball,  from  half  an  inch  to  an  inch  in  diameter, 
which  is  afterwards  blackened  b^  paint,  or  by  the  smoke 
of  a  candle.  A  small  column  of  coloured  liquid,  about  an 
inch  in  length,  is  then  introduced,  by  a  manipulation  si- 
milar to  that  ^ready  described.  To  fit  the  instrument  for 
ose,  this  column  ought  to  be  stationary,  about  the  middle 
of  the  tube,  at  the  common  temperature  of  the  atmos- 
phere.   The  slightest  variation  of  temperature  occasions 


tlie  movement  of  die  culoured  liquid )  aiid  a  scale  of  equal 
pans  measiirea  the  nmoiini  of  the  tftVct. 

All  iusuperablc  objection  to  the  air  thermometer,  iB) 
tJiat  itiv  alTeclE;d,  not  ouly  by  changes  of  teinpernture,  but* 
f>y  variatiuns  of  atmospheric  pressure.  Its  utility  consista 
in  the  great  amount  of  the  expansion  of  air,  which,  by  a 
given  elevation  of  temperature,  is  increased  in  bulk  above 
twenty  timos  more  than  mercury.  Hence  it  is  adapted  tti 
detect  minute  changes  of  temperature,  which  the  mercuri- 
al thermometer  would  scarcely  discover. 

An  important  modification  of  the  air  thermometer  has 
been  invented  by  Mr.  Leslie,  and  emplo)'ed  by  him  with 
great  advantage,  in  his  interesting  researches  respecting 
heat.  To  this  instrument  he  has  given  the  name  of,  the 
Differential  Thermometer,  lis  construction  is  as  follows ; 
••  Two  glaas  tubes  of  unequal  length,  each  terminating  in 
a  hollow  ball,  and  having  their  bores  somewhat  widened 
at  the  other  ends,  (a  small  portion  of  sulphuric  acid,  tinged 
with  carmine,  being  introduced  into  the  ball  of  the  longer 
ti^,)  are  joined  together  by  the  flame  of  a  bbw  pipe, 
and  afterwards  bent  nearly  into  the  shape  of  the  letter  U, 
(see  fig.  7.)  the  one  flexure  being  made  just  below  the 
joining,  where  the  small  cavity  facilitates  the  adjustment 
of  the  instrument.  This,  by  a  litUe  dexterity,  is  perform- 
ed, by  forcing  with  the  heat  of  the  hand,  a  few  minute 
globules  of  air  from  the  one  cavity  into  the  other.  The 
lialls  are  blown  as  equal  as  the  eye  can  judge,  and  from 
■1-lOlhs  to  7-lOths  of  an  inch  diameter.  The  tubes  are 
such  as  are  drawn  forthermometers, only  with  wider  bores; 
that  of  the  short  one,  to  which  the  scale  is  affixed,  must 
have  an  exact  calibre  of  1-iOth,  or  l-60th,  of  an  inch. 
The  bore  of  the  long  tube  need  not  be  so  regular,  but 
should  be  visibly  larger,  as  the  coloured  liquid  will  then 
move  quicker  under  any  impression.  Each  leg  of  the  itf 
Etrument  is  from  three  to  six  inches  in  height,  and  the 
balls  are  from  two  to  four  inches  apart.  A  moment's  at- 
tention to  the  construction  of  this  instrument  will  satisfy 
us,  that  it  is  aflected  only  by  the  difference  of  heat  in  the 
corresponding  balls;  and  is  calculated  to  measure  such 
dijfcrcncc  with  peculiar  nicety.  As  long  as  both  balls  arc 
of  the  same  temperature,  whatever  this  may  be,  the  air 
<'oi)tained  in  both  will  have  the  same  elasticity,  and,  con- 
fequcndy,  the  intercluded  coloured  liquor,  being  pressed 
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equally  in  opposite  directioiis,  must  vemain  stationaiy. 
But  i^  for  instance,  the  ball  which  holds  a  portioD  ol  tbe 
liquor  be  warmer  than  the  otber,  the  superior  elasticity  of 
the  confined  air  will  drive  the  liquid  forwards,  and  make 
it  rise,  in  the  oiqx>8ite  branch,  alx>ve  the  zero,  to  an  ele* 
vation  proportional  to  the  excess  of  elasticity,  or  of  heat." 
The  amount  of  the  effect  is  ascertained  by  a  graduated 
scale,  the  interval  between  freezing  and  boiling  being  dis- 
tinguished into  100  equal  degrees.  This  instrument,  it 
must  be  obvious,  cannot  be  applied  to  measure  variatioRs 
in  the  temperature  of  the  surrounding  atmosphere,  for  the 
reason  already  assigned.  It  is  peculiarly  adapted  to  ascer« 
tain  the  difference  of  the  temperatures  of  two  contiguous 
spots  in  the  same  atmosphere  ;  for  examjde,  to  determine 
the  heat  in  the  focus  of  a  reflector. 

Thermometers,  filled  with  spirit  of  wine,  are  best  adapt- 
ed to  the  measurement  of  veiy  low  temperatures,  at  which 
mercury  would  freeze.  The  amount  of  the  expansion  of 
akohol,  also,  which  exceeds  that  of  mercury  above  eight 
times,  fits  it  for  ascertaining  very  slight  variations  of  tenh» 
peracure.  But  it  cannot  be  af^ied  to  measure  high  de- 
grees of  heat ;  because  the  conversion  of  the  spirit  into 
vapour  would  burst  the  instrument. 

The  fluid,  best  adapted  for  filling  thermometers,  is  mer- 
onry,  which,  though  it  expands  less  in  amount  tlum  air,  or 
dcohol,  still  undergoes  this  change  to  a  sufficient  degree : 
and,  in  consequence  of  its  difficult  conversion  into  vaponr, 
may  be  applied  to  the  admeasurement  of  more  elevated 
temperatures.  As  a  considerable  saving  of  expence  will 
accrue  to  the  experimentalist  who  is  able  to  construct  mer- 
curial thermometers,  I  shall  offer  some  rules  for  this  pur- 
pose. In  general,  however,  I  should  deem  it  prefi^rable 
merely  to  superintend  their  con%>truction,  and  to  be  satis- 
fied, by  actual  inspection,  that  the  necessary  accuracy  is 
observed ;  because  much  time  must  be  unavcudably  lost,  in 
acquiring  the  manual  skill  which  is  essential  to  construct 
them  neatly. 

Thermometer  tubes  may  be  had  at  the  glass-bouse,  and 
of  various  philosophical-instrument  makers.  In  purchasing 
them,  those  should  be  rejected  that  are  not  hermetically 
sealed  at  both  ends ;  because  the  smallest  condensation  6f 
moisture,  which  must  take  place  when  air  is  freely  admit- 
ted within  the  tube,  is  injurious  to  ilie  accuracy  of  the  in-* 


5ti'ument.    A  small  bottle  ofeUstic  gum  should  be  provided, 
in  the  aide  of  which  a  brass  valve  (N.  8.)  is  fixed,  or  a  piece     ^1 
of  brass  perforated  by  a  small  hole,  to  be  occasionally  stop-     ^| 
|ied  b)   ine  hand.     A  blow-pipe  is  also  an  essential  part  of     ^M 
the  apparatus ;  and,  in  addition  to  one  of  the  ordinary 
kind,  it  will  be  fouDd  useful  to  have  one  which  is  supplied 
with  air  by  a  pair  of  double  bellows,  worked  by  die  foot. 

Before  proceeding  to  the  construction  of  the  thermor 
meter,  it  is  necessar)'  to  ascertain,  that  the  tube  is  of  equal 
diameter  in  different  parts.  This  is  done,  by  breaking  off 
both  of  the  sealed  ends,  immersing  one  of  them  an  inch 
or  two  deep  in  clean  and  dr)'  mercury,  and  then  closing 
ihc  other  end  with  the  linger.  On  withdrawing  the  tube 
from  the  mercurj',  a  small  column  of  that  fluid  remains  iii 
ii,  the  length  of  which  is  to  be  examined,  by  laying  the 
tube  horizontally  on  a  graduated  ruler.*  By  inclining 
the  tube,  this  column  may  be  gradually  moved  through 
its  whole  length  ;  and  if  the  tube  be  of  uniform  bore,  ii 
will  measure  the  same  in  every  part.  Such  a  degiee  of 
perfection,  however,  is  scarcely  ever  to  be  obser\'td 
throughout  tubes  of  considerable  length  ;  but,  in  general, 
a  poition  uf  the  tube  will  be  found  perfect,  of  sufficient 
length  for  a  thermometer,  and  this  part  is  to  be  broken  - 
off. 

On  one  end  of  the  tube  let  the  neck  of  the  elastic  boitlci 
be  lirmly  tied;  and  let  the  other  end  be  heated  by  the 
flame  of  the  blow-pipe,  till  the  glass  softens.  The  soften- 
ed part  must  then  be  pressed,  by  a  clean  piece  of  iron,  ii> 
to  the  form  of  a  rounded  button  )  and  to  diis  the  flame, 
of  the  bunp  must  be  steadily  applied,  till  it  acquires  u^. 
white  heat,  and  seems  about  to  enter  into  fusion.  To  pre*, 
vent  its  falling  on  one  side,  ihc  tube,  during  this  lime^  - 
roust  be  constantly  turned  round  by  the  hand.  When  the 
heated  part  appears  perfectly  soft,  remove  it  quickly  from 
the  lamp,  and,  holding  the  tube  vertical!) ,  with  th«  clastic 
luttk  uppermost,  press  this  last  gently  with  the  hand, 
riic  gli&s  will  lie  blown  into  a  sm:ill  ball,  but  not  into  one , 
sufficiently  lliin  for  die  purpose.  To  this  the  flame  of  the 
l.imp  mu)>t  sgaiu  Ik  applied,  turning  it  quickly  round;* 

*  1/  iht  tube  b«  of  ID  ettrcmelj  i 
'rt,  ml  mun  t>i'  drivrn  io  br  die  aci 
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and,  on  a  second  or  third  repetition  of  the  process  of  Wow- 
ing, the  ball  will  be  completely  formed.  The  proportion 
of  the  size  of  the  ball  to  the  bore  of  the  tube,  can  only  be 
lenmcd  by  some  experience. 

To  fill  the  ball,  which  has  been  thus  formed,  with  mer- 
cury, the  uirmust  first  be  expelled  by  holding  it  over  the 
Same  of  an  Argand's  lamp,  and  then  quickly  immeraing 
tile  open  end  of  the  tube  in  very  clean  and  dry  quicksilver. 
As  the  ball  cools,  the  mercury  will  ascend,  and  will  com- 
pletely (ill  it.  (N.  9.)  Letap^erfunnelbetiedfirmly  over 
the  open  end  of  the  tube  ;  into  this  pour  a  small  portion  of 
quicksilver,  and  apply  the  heat  of  the  lamp  to  the  ball.  The 
quicksilver  in  the  ball  will  tlius  be  expanded,  and  a  portion 
will  pass  into  the  paper  cone,  and  will  return  again  into  its 
place  as  the  bulb  cools.  By  this  process,  the  mercury  is 
deprived  of  any  adhering  portion  of  air  and  moiature. 
To  estimate  whether  the  proper  quantity  of  quicksilver  has 
been  left  in  the  instrument,  immerse  the  ball  first  in  ice- 
cold  w.-itcr,  and  then  in  the  mouth.  The  space  between 
these  two  points  will  comprise  63  degrees,  or  between 
l-3d  and  l-4th  of  the  whole  space  between  the  freezing 
and  boiling  points  of  water.  If  the  empty  part  of  the  tube 
exceeds,  in  length,  the  portion  thus  filled  by  the  expand- 
t'd  quicksilver,  between  three  and  four  times,  we  may  pro- 
ceed ^when  an  instrument  is  wanted  with  a  scale  including 
only  Irom  32°  to  212°)  to  seal  it  hermetically ;  which  in 
done  as  follows ;  The  part  to  be  sealed  is  (irst  heated  with 
the  blow-pipe,  and  draivn  out  to  a  line  capillary  tube ;  the 
bulb  is  then  heated,  till  a  few  particles  of  quicksilver  haxc 
fallen  from  the  top  of  the  tube  :  At  this  moment,  the 
Same  of  another  candle  is  directed,  by  the  blow-pipe,  on 
the  capiUan*  part  of  the  tube,  the  candle  is  withdrawn 
from  the  bail,  and  the  tube  is  sealed,  at  the  instant  when 
the  mcrcuiy  begins  to  descend.  If  this  operation  has  been 
skilfully  performed,  so  as  to  leave  no  air  in  the  tube,  the 
whole  of  the  tube  will  be  tilled  with  quicksilver  on  holding 
it  witli  the  ball  uppermost. 

To  have  very  large  degrees,  the  ball  must  bear  a  consi- 
derable proportion  to  the  tube  ;  but  this  extent  of  scale 
cannot  be  obtained  without  sacrificing,  in  some  measure, 
the  sensibility  of  the  instrument.  The  whole  of  the  pro- 
cess of  constructing  thermometers,  neadv  and  accurately, 
is  connected  with  the  possession  of  manual  skill,  whiih 
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prvaice  wily  'an  confer  ;  and  k  is  scarcely  possible,  witb- 
out  the  most  toiUome  minuteness,  to  describe  all  the 
ccssary  precuultons  and  manipulations.     These  will  readi^ 
suggest  themselves  to  a  person  who  carries  the  abovi 
strubtions  into  cflecl. 

In  graduating  thermometers,  the  first  step  coDsistft 
taking  the  two  fixed  points.  The  freezing  point  is  aa 
tuined,  by  immersing,  in  thawing  snow  or  ice,  the  ball 
part  of  the  stem  ;  so  that  the  mercury,  when  stationary, 
itiall  barely  appear  above  ihe  surface.  At  this  place  let  a 
mark  be  made  with  a  file.  In  taking  the  boiling  point, 
lonsiderable  caution  is  required  ;  and  for  reasons,  which 
w  ill  afterwards  be  stated,  attentioti  must  be  paid  to  the 
»Ute  of  the  barometer,  the  height  of  which,  at  the  time, 
bliould  Ik  pre<:isel\  29.  8.  A  tin  vessel  is  to  be  provided, 
four  or  five  intlies  longer  than  the  thermometer,  and  fur- 
nished wiUi  a  cover,  in  which  are  two  holes.  Through 
one  of  these,  the  diermometer  stem  must  be  passed,  (the 
bulb  being  witbia  the  vessel,)  so  that  the  part,  at  which 
llie  boiling  point  is  expected,  may  be  just  in  sight.  The 
otlier  hole  may  be  left  open  ;  and  the  cover  being  fixed 
in  its  place,  the  vessel,  containing  a  few  inches  of  water  at 
the  bottom,  is  to  be  set  on  tlie  fire.  The  thermometer 
will  presently  be  whoUy  surrounded  by  steam  ;  and  when 
the  mercury  becomes  stationary  in  the  stem,  its  place  must 
be  marked.  The  scale  of  Fahrenheit  is  formed  by  trans- 
ferring the  intermediate  space  to  paper  by  apairof  compass- 
es, and  dividing  it  into  180  degiees,  the  lowest  being  call- 
ed 32,  and  the  highest  212".  The  scale  of  other  countries, 
however,  diflers  considerably  ;  but  thi^se  variations  do  not 
prevent  the  comparison  of  observations  with  different  in- 
btrumcnts,  when  Uie  freezing  and  boiling  points  of  water 
are  agreed  upon  as  fixed  dutu.  In  the  Appendix,  rules 
will  be  given  for  converting  the  degrees  of  other  scales  to 
that  of  Fahrenheit. 

III.  Equal  increments  or  decrements  of  heat^  produce 
equal  increment:!  or  decrements  of  expansion  in  the  mercury . 
aj  the  thermometer. 

It  mi^t  be  doubted,  whether  the  additions  of  simiiaT' 
quantities  of  heat  axe  accompanied  by  similar  increments 
of  expansion  in  the  mercurj  of  the  thermometer  j  in  other 
words,  supposing  that  a  ^venquantit)' of  caloric  nccasioQ& 
the  ascent  of  the  mercun,-  through  20  degrees,  whether  a 
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second  addition,  equal  to  the  first,  wiQ  raise  it  thfough 
precisely  SO  more  ^  This  question  is  determined  in  the 
affirmative  by  the  following  experiment,  which  proves^ 
that  the  arithmetical  mean  between  two  temperatures  is 
attended  by  a  mean  expansion  of  the  mercury  of  the  ther- 
mometer. Mix  a  pound  of  water  at  172%  witib  a  pound  at 
32*.  Half  the  excess  of  the  uncombined  caloric,  in  the 
hot  water,  will  pass  to  the  colder  portion  ;  that  is,  the  hot 
water  will  be  cooled  70%  and  the  cold  will  receive  70*  of 
temperature  ;  therefore,  172'^— 70,  or  32+70,x=b  108,  wiM 
give  the  heat  of  the  mixture.  To  attain  the  arithmetical 
mean  exactly,  several  precautions  must  be  observed.—- See 
Crawford  on  Animai  Heat^  p.  95,  &c. 

The  subsequent  experiments  of  De  Luc,  however,  have 
shewn,  that  die  ratio  of  expansion  does  not,  stricthf^  keep 
pace  with  the  actual  increments  of  temperature ;  and  that 
the  amount  of  the  expansion  increases  with  die  tempenf- 
ture«  Thustbe  expansion  of  the  merctuy  from  32  to  129, 
the  first  half  of  die  scale,  is  to  its  expansion  from  122  to 
212,  the  higher  half,  as  14  to  15. 

IV.  UncombiMdcabric  has  a  tendency  to  an  equilibrium.'^ 
Any  number  of  different  bodies,  at  various  temperatures, 
ifjdaoed  mider  similar  circumstances  of  exposure,  all  Hc- 
quiiv  a  common  temperature.  Thus  if,  in  an  atmosphere 
al  60*,  we  place  inm  filings  heated  to  redness,  boiling  wa- 
ter, and  various  other  bodies  of  different  temperatures,  they 
wiU  soon  affect  the  thermometer  in  the  same  degree.  The 
same  equaUzation  of  temperature  is  attained,  though  less 
quickly,  when  a  heated  body  is  placed  in  the  vacuum  of  ati 
air-pump.  The  rate  of  cooling  in  air,  is  to  that  in  VfktMj 
the  temperatures  being  equal,  nearly  as  five  to  two. 

V.  Caloric  escapes  from  bodies  in  two  different  rnddr^.— 
Part  of  It  finds  its  way  through  space,  mdependeody  of 
other  matter,  and  widi  immeasurable  velocity.  In  this 
state  it  has  been  called,  jadiant  heat,  or  radiant  caloric 

Radiant  caloric  exl^ibits  several  interesting  proper- 
ties. 

1.  hs  reflection  (a.)  Those  surfaces,  that  reflect  light 
most  perfec^,  are  not  equally  adapted  to  the  reflection 
of  calcnic.  Thus,  a  eiass  mirror,  which  reflects  light  with 
great  effect  wheti  hekl  befisre  a  blazing  fire,  scarcely  re- 
tuma  any  beat,  and  die  mirror  itself  becomes  warm.  On 
the  contrary,  a  polished  plate  of  tin,  or  a  silver  spoon, 


when  similarly  placed,  reflects,  to  the  hand,  a  very  scasible 
degree  of  wannth ;  and  Uie  metal  itself  remains  cool,  Mc- 
tala,  therefore,  are  much  better  reflectors  than  glass  ;  and 
tliey  possess  this  pi"oj>erty,  exactly  according  to  ihtir  de- 
gree ol  polish. 

(A.)  Caloric  is  reflected  according  to  the  same  law  thlt 
regulates  the  rtfleciion  of  light.  This  is  proved  by  an  in- 
tercstingexptrimtnlof  M.  Pictct ;  the  means  of  repeating 
which  may  he  attained  at  a  modirali;  expence.  Provide 
two  tin  reflectors,  (a.  and  b.  tig.  45,)  which  may  be  12  in- 
ches diameter,  and  segments  of  a  sphere  of  nine  inches 
radius.  Each  of  these  must  be  furnished,  on  its  convex 
side,  with  the  means  of  supporting  it  in  a  perpendicular 
posiDon  on  a  proper  stand.  Place  the  inirrora  opposite  to 
each  other  on  a  table,  at  the  distance  of  &om  six  to  twelve 
i'cct.  In  the  focus  of  one,  let  tlie  ball  of  an  air  thermo- 
meter, c,  be  situated  ;  and  in  that  of  the  other,  suspend  a 
boll  of  iron,  about  four  ounces,  in  weight,  and  healed  below 
ignidon,  or  a  small  matrass  of  hot  water,  li,  having  prc- 
t-iously  interposed  a  screen  before  the  thermometer.  Im- 
mediately on  withdrawing  the  screen,  the  depression  of 
the  column  of  liquid,  in  the  air  thermometer,  evinces  an 
increase  of  temperature  in  the  instrument.  In  this  expe- 
riment, the  caloric  dows  f  rst  from  the  heated  ball  to  the 
nearest  reflector ;  from  this  it  is  transmitted,  in  parallel 
rays,  to  the  surface  of  the  second  reflector,  by  which  it  i» 
collected  into  a  focus  on  the  instrument.  This  is  precise- 
ly die  coui-sethat  is  followed  by  radiant  light;  lor  if  the 
flame  of  a  taper  be  substituted  for  the  iron  ball,  the  image 
of  the  candle  will  appear  precisely  ondiat  spot  (avheetctf 
paper  being  presented  for  its  reception)  where  the  rays  of 
caloric  were  before  concentrated, 

(r.)  When  a  glass  vessel,  filled  with  ice,  or  snow,  is  sub- 
stituted for  the  heated  ball,  the  course  of  the  coloured  li- 
quid in  the  thermometer  will  be  precisely  in  the  opposite 
direction  ;  for  its  ascent  will  shew,  that  the  air  in  the  ball 
is  cooled  by  this  arrangement.  This  experiment,  which 
appears,  at  first  view,  to  iodicnte  the  reflection  of  cold, 
presents,  in  fact,  only  the  reflection  of  heat,  but  in  an  op- 
posite direction  ;  the  ball  of  the  thermometer  being,  in 
this  instance,  the  hotter  body. 

(d)  In  Mr.  Leslie's  "  Enquiry  into  the  Nature,  S(C.  of 
H^t,"  a  variety  of  important  experiments  are  deuiled, 
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shew  die  iafluence  of  covering  tbe  reflectors  with 
various  subotanees,  or  of  mechanically  changing  the  na- 
ture of  their  sur&iccs,  on  their  power  of  returning  calo- 
ric. 

2«  Caloric  is  refracted^  also,  according  to  the  same  Imr 
that  regulates  the  refraction  of  light.  This  interesting  ^s- 
coveiy  we  owe  to  Dr.  HerscheU^  whose  experiments  tt$A 
apparatus,  however,  cannot  be  understood  without  the  jik 
sistance  of  a  plate*  For  this  reason,  I  refer  to  his  paper 
in  the  90th  VoL  of  the  Phiios(q>hical  transactions,  or  in 
the  7th  Vol*  of  the  Philosophical  Magazine. 

3*  The  nature  of  the  surface  of  bodies  has  an  important 
influence  over  thur  power  of  radiating  caloric 

To  exhibit  this  influence  experimentally,  let  a  canister 
of  planished  b&ock  tin,  forming  a  cube  of  ux  oreig^  inch- 
es, be  provided,  having  an  orifice  at  the  middle  of  its 
upper  side,  fix>m  half  an  inch  to  an  inch  diameter,  and  the 
same  in  height.  This  orifice  is  intended  to  receive  a  cap 
having  a  small  hole  through  which  a  thermometer  is  in^ 
serted,  so  that  its  bulb  may  reach  the  centre  of  the  canis- 
ter. Let  one  side  of  the  canister  be  covered  with  bhck 
paint ;  destroy  the  potish  of  another  side,  bv  scratching  it 
¥ridi  sand  paper ;  tarnish  a  third  with  quicksilver  ;  and 
leave  the  fiMUth  bright.  Then  fill  tbe  vessel  with  boiling 
>water.  The  radsauon  of  caloric  from  the  blackened  side 
is  so  much  more  abundant  than  from  the  odiers,  as  to  be 
even  sensiUe  to  the  hand.  Place  it  before  a  reflector,  in 
fieu  of  the  healed  iron  ball  already  described.  The  thetw 
mometer,  in  the  focus  of  the  second  reflector,  will  indicate 
•the  highest  temperature,  or  most  copious  radiation  of  ca- 
loric, when  the  blackened  side  is  presented  to  the  reflec- 
tor; less  when  die  tarnished  or  scratched  side  is  turned 
towaida  it ;  and  least  of  all  from  the  polished  side. ' 

4.  These  varieties  in  the  radiating  power  of  different 
surfaces,  are  attended,  as  might  be  expected,  with  corres- 
ponding variations  in  the  rate  of  coaling*  If  water  in  a  tin 
vessel,  all  of  whose  sides  are  polished,  coob  tiirough-a 
given  number  of  degrees  in  eipity-one  minutes  ;  it  will 
descend  through  the  same  number  in  seventy-two  minutes, 
if  the  surface  be  tarmshed  with  quicksilver.  The  time  of 
cooling,  also,  of  water  inclosed  in  a  dean  tin  ball,  is  about 
one4ialf  that  of  water,  in  thesame  ball  covered  with  oiled 
paper.     Bbckening  the  surface  with  paint,  on  the  same 


principle,  acceleintes  greatly  the  rate  of  cooling,  'fhtat 
iactH  leach  us,  that  vessels,  in  which  fluids  are  to  be  long 
kept  hot,  should  have  their  surfaces  brightly  polished  ; 
and  they  txplnin,  among  cKher  things,  the  superiority  of 
metallic  tea-pots  over  those  of  earthen-ware. 

5.  Hadiant  caloric  is  abiorbed  with  different  iacility  by 
different  surfaces.  This  is  only  staling,  in  other  terms, 
ihut  surfaces  arc  endowed  with  various  powers  of  reflect- 
ing caloric  It  m;iy  be  proper,  however,  to  offer  some  il« 
lustrations  of  the  principle  under  this  form. 

(«■)  Expose  the  bulb  of  a  sensible  thermometer  to  the 
direct  rays  ol"  the  sun.  On  a  hot  summer's  day  it  wiU 
probablv  rbc,  in  this  climate,  to  108°.  (Watson's  Essay's 
%'•  193.J  Cover  it  witli  iudian  ink,  and  again  expose  it  in 
.1  similar  manner.  During  the  evaporation  of  the  moisture 
it  will  iall ;  btii  as  soon  as  the  coating  becomes  dr)',  it  will 
ascend  to  lia%  or  upwards,  of  Fahrenheit,  or  10°  higher 
than  when  uncovered  with  tlie  pigment.  This  cannot  be  ex- 
^l^'^wn^^  Uy  aumiosing  that  the  black  coating  is  gifted  with  the 
power  of  rcUming  caloric,  and  preventing  its  escape  ;  be- 
cause,  from  experiments  already  rdated.  It  appears,  that 
a  similar  cuatiog  accelerates  the  cooling  of  a  body  to  which 
it  is  applied. 

(6.)  Colour  has  considerable  influence  over  the  absar}v 
tiou  of  caloric.  This  is  slieivn  by  the  following  very  sim- 
ple experiment  of  Dr.   Franklin. 

On  a  winter's  d;iv,  ^^'hen  the  ground  Is  covered  with 
snow,  take  four  pieces  of  woollen  cloth,  of  equal  dimct»- 
nions  but  of  difl^erent  colours,  viz.  black,  blue,  brown,  and 
white,  and  lav  diero  on  the  surface  of  the  snow,  in  the 
immediate  ne^hboiu-hood  of  each  other.  In  a  few  hours, 
dte  black  cloth  will  have  sunk  considerably  below  the  sur- 
face J  the  blue  almost  as  much  ;  the  brown  evidently  less  ; 
and  the  white  will  remain  precisely  in  its  former  situation. 
Thus  it  appears,  that  the  sun's  rays  are  absorixd  by  the 
dirk  coloured  cloth,  and  excite  such  a  durable  heat,  as  to 
tncU  the  snow  underneath  ;  but  they  have  not  the  power 
of  peueiniting  the  white.  Hence  the  preference,  generally 
given  to  dark  coloured  clothes  during  the  winter  season, 
and  to  Light  coloured  ones  in  summer,  appears  to  be  found- 
rd  on  reason. 

(c.)  This  experiment  has  been  varied  by  Mr.  Davy,  in  a 
iner  which  may  be  repeated  at  any  season  of  th«  yean 
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Take  six  similar  pieces  of  sheet  copper,  each  about  an  inch 
square,  and  coloor  the  one  white,  another  yellow,  a  third 
red,  the  fourth  green,  the  Kith  blue,  and  the  sixdi  black. 
On  the  centre  of  one  aide  of  each  piece,  put  a  small  por- 
tion of  a  mi^tcure  of  oil  and  wax,  or  cerate,  which  melts 
at  about  76°.  Then  expose  their  coloured  aarfaces,  under 
precisely  equal  circumstances,  lo  the  direct  rays  of  the  sun. 
The  cerate  on  the  black  plate  will  begin  to  melt  perreptibly 
before  the  red ;  the  blue  next ;  then  the  green  and  tbe  red ; 
atid,  lastly,  the  yellow.  The  white  will  scarcely  he  af- 
fected, when  the  black  is  in  complete  fusion. 

VI.  Caloric  passes,  also,  but  much  more  slowly,  throa^ 
solid  and  liquid  bodies,  wliich  are  then  termed,  cofOKO 
TORS  of  coloric, 

1.  Solid  bodies  convey  heat  in  all  directions,  unwsurds, 
downwards,  and  laterally  ;  as  may  be  shown,  by  nesting 
the  centre  of  an  iron  iDd,  and  holding  it  in  different  direc- 
tions. 

2.  Some  bodies  conduct  caloric  much  more  quickly  than 
others.  Coat  two  rods,  of  equal  length  and  thickness,  the 
one  of  glass,  the  other  of  iron,  with  wax,  at  oqc  eticl  of 
each  only  ;  and  then  apply  heat  to  the  uncoated  ends.  The 
wax  will  be  melted  much  sooner  from  the  end  of  the  iron 
rod,  than  from  the  gtassone  ;  which  shows,  that  iron  con- 
duces heat  more  quickly  than  glass. 

Even  the  different  metals  possess  very  diHerent  powers 
of  conducting  caloric.  An  approximation  to  the  degree 
in  which  they  possess  this  property,  may  be  attained  by 
the  following  method,  originally  employed  by  Dr.  Ingen- 
bouz.  Procure  several  solid  cylinders,  or  rods,  of  the 
same  size  and  shape,  but  of  different  metals.  They  mat 
he  six  inches  long,  and  l-4th  in  diameter.  Coat  them, 
within  about  an  inch  of  one  end,  with  bees  wax,  by  dip- 
pbg  them  into  tliis  substance  when  melted,  and  allowing 
the  covering  to  congeal.  Let  an  iron  heater  be  pro^-ideil, 
in  which  small  boles  have  been  drilled,  that  exactly  receire 
the  clean  ends  of  die  cylinders.  After  heating  it  below  igi- 
nition,  insert  the  cylinders  in  their  places.  The  conduct- 
ing power  may  be  estimated  by  ilie  length  of  wax  coating 
melted  from  each  in  a  given  time.  According  to  the  ex- 
periments of  Dr.  Ingcnhouz,  the  metals  may  be  amn;^d 
"le  following  order :  Silver  possesses  the  highest  eon- 
ling  power  ;  next  gold  :  ihen  copper  and  dn,  which  arc 
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nearly  equal  ;  and,  b«jow  these,  platina,  iron,  steel,  t 
lead,  which  are  greatly  iofcrior  to  the  rest. 

3.  Liquid  and  aeriform  bodies  convey  heat  on  a  dlS 
eat  principle  from  that  observed  in  solids,  viz.  by  an  i 
tual  diange  in  the  situatioo  of  their  particles. 

(a.)  Take  a  glass  lube,  eight  or  ten  inches  long,  ; 
ibmn  an  Inch  in  diameter.  Pour  into  the  bnttom  pan,  for" 
about  the  depth  of  an  inch,  a  little  water  tinged  with  lil- 
mua,  and  then  fill  up  the  tube  with  common  water,  pour- 
ing on  the  tatter  extremely  gently,  so  as  lo  keep  the  two 
strata  quite  distinct.  When  the  tube  is  heated  at  the  bot- 
tom, the  cold  infuaioD  will  ascend,  and  will  tinge  the  whole 
masa.  But  if  the  upper  part  of  the  tube  be  healed,  the 
coloured  liquor  will  remain  at  the  bottom. 

(i,)  Into  a  cylindrical  glass  jar,  four  inches  diameter, 
and  twelve  or  fourteen  deep,  let  a  circular  piece  of  ice  be 
fitted  three-and-a-half  inches  thick,  and  of  rather  less  dia- 
meter than  the  jar.  Or  water  may  be  poured  into  the  jar 
10  the  depth  of  three-aod-a-half  inches,  and  allowed  to 
congeal  by  exposure  to  a  freezing  atmosphere,  or  by  sur- 
rounding it  with  a  mixture  of  snow  and  salt.  The  ice  is 
to  be  secured  in  its  place  by  two  slips  of  wood,  crossing 
encb  other  like  two  diameters  of  a  circle,  and  at  right  an- 
gles to  each  other.  Pour,  over  the  cake  of  ice,  water  of 
32"  temperature,  to  the  depth  of  two  inches  ;  and  on  its 
surface  let  there  float  a  shallow  circular  wooden  box,  per- 
forated with  holes.  From  the  cock  of  a  tea-urn,  filled 
with  boiling  water,  and  raisedsothatits  spout  may  be  above 
(he  top  of  the  jar,  suspend  a  number  of  moistened  threads, 
the  lower  ends  of  which  rest  on  the  surface  of  the  box. 
By  this  arrangement,  when  the  cock  is  turned,  the  hot 
water  will  trickle  down  the  threads,  and  will  have  its  fall 
considerably  broken.  It  will  then  spread  over  the  surface 
of  the  box,  and  pass  through  the  ptrforaied  holes  to  the 
rold  water  beneath,  over  which  it  will  float  without  mj 
ing  with  it.  Let  the  jar  be  thus  completely  filled  with  1 
water.  The  ice  will  remain  unmelted  lor  several  ho* 
at  the  bottom  of  the  vessel. 

fr.)  Fill  a  similar  jar  with  hot  water  i  and,  having  pi 
%  ided  a  cake  of  ice,  of  equal  size  with  tlie  former  one 
it  be  placed  on  die  surface  of  the  water.  In  about  ti 
minutes,  the  whole  will  be  melted.  Both  these  expc 
mcnis  are  more  striking,  if  the  water  used,  for  forming^ 
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cakes  of  ice,  be  previously  coloured  .with  litmus ;  for,  in  the 
latter  experiment,  the  descending  currents  of  cold  water 
are  thus  made  apparent. 

(dJ)  These  experiments,  may  be  varied,  by  freezing,  in 
the  bottom  of  a  tube,  a  portion  of  water,  about  two  inches 
in  depth.  Then  fill  the  tube  with  water  of  the  common 
temperature,  and  hold  it  inclined  over  an  Argand'^s  laqnp, 
so  that  the  upper  portion  only  of  the  tube  may  be  heated^ 
When  thus  aisposed,  the  water  may  be  made  to  boil  vio« 
lently  at  the  surface,  and  yet  the  ice  will  not  be  melted. 
But  if  the  experiment  be  reversed,  and  (the  ice  floating  on 
the  sur&ce)  heat  be  applied  to  the  bottom  of  the  tube,  the 
ice  will  be  liquefied  in  a  few  seconds. 

Sr.)  Substituting  water  of  the  temperature  of  41^  for  the 
ing  water  used  in  experiment  (c.)  Count  Rumford 
found,  that,  in  a  g^ven  time,  a  much  greater  quantity  of 
ice  was  melted  by  the  cooler  water.  From  these  {acu,he 
concluded,  that  water  is  a  perfect  non-conductor  of  calo- 
ric, and  that  it  propagates  caloric  only  in  one  direction, 
vis.  upwards,  in  consequence  of  the  motions,  which  it  oc- 
casions among  the  parudes  of  the  fluid.  The  Count  in- 
ferred also,  uiat  if  diese  motions  could  be  suspended,  ca- 
loric would  cease  to  pass  through  water ;  and,  with  the 
view  of  deciding  this  question,  he  made  the  following  ex- 
periments, which  admit  of  being  easily  repeated.  A  cylin- 
drical tin  vessel  must  previous^  be  provided,  two  inches  in 
diameter,  and  two-and-a-half  inches  deep,  having  a  move- 
able cover,  perforated  with  a  small  aperture,  for  transmit- 
ting the  stem  of  a  thermometer,  which  is  to  be  inserted  so 
that  its  bulb  may  occupy  the  centre  of  the  vessel. 

(Jl)  Fill  this  vessel  with  water  of  the  temperature  of  the 
atmosphere ;  let  the  cover  be  put  in  its  place  ;  and  let  the 
whole  apparatus,  except  the  scale  of  the  thermometer,  be 
immersed  in  water,  which  is  to  be  kept  boiling  over  a 
lamp.  Observe  how  long  a  time  is  required  to  raise  the 
water  from  its  temperature  at  the  outset  to  180^,  and  re- 
move it  from  its  situation.  Note,  also,  how  long  it  takes 
to  return  to  its  former  temperature. 

(f.)  Repeat  the  experiment,  having  previously  dissol- 
vedT in  the  water  200  grains  of  common  starch.  The  ther- 
mometer will  now  require  about  half  as  long  again  to  ar- 
rive at  the  same  temperature.  A  similar  retardation,  and 
to  a  greater  amount,  is  produced  by  the  mixture  of  eider- 
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down,  coltoii-wool,  and  various  oilier  substances,  which 
arc  not  chemically  soluble  In  water,  and  which  can  dimi- 
nish its  conducting  power  in  no  ollitr  way  than  by  ob- 
structing the  motion  of  its  particles. 

This  infcrrncc,  however,  respecting  the  non-conducting 
power  of  water,  has  been  coniplctely  set  aside  by  the  sub- 
sequent enquiries  of  Dr.  Thomson  and  Mr.  Murray,  es- 
pecially by  a  most  decisive  exptriraenl  of  the  latter.  To 
establish  the  conducting  power  of  water,  it  was  justly 
deemed  indispensable,  that  caloric  should  be  proved  to  be 
propagated  through  that  fluid  downwards.  This,  on  ac- 
tual trial,  it  appeared  to  be  i  but  it  was  objected,  that  the 
sides  of  the  containing  vessel  might  be  the  conductor. 
To  obviate  this  objection,  Mr.  Murray  contrived  to  con- 
geal water  into  the  form  of  a  jar,  capable  of  holding  li- 
quids. This  was  separately  filled  with  linseed  od  and  with 
mercurj".  At  a  proper  distance  below  the  surface,  the 
bulb  of  a  thermometer  was  placed ;  and  on  the  surface  of 
the  liquid  rested  a  flat  iron  vessel,  containing  boiling  wa- 
ter. Under  these  circumstances,  the  thermometer  inva- 
riably rose  ;  and  though  it  ascended  only  a  very  few  de- 
grees, yet  it  must  be  recollected,  that  the  cooling  power 
of  the  sides  of  the  vessel  would  effectually  prevent  any 
considerable  elevation  of  temperature.  This  experiment, 
in  conjunction  with  others,  decisively  proves,  that  water 
is  a  conductor,  though  a  slow  or  imperfect  one,  of  calo- 
ric. 

VII-  Unambiiied  caloric  promoUi  the  aistiun  of  chemical 
affiiiily, — I'hus,  lead  and  tin  do  not  combine  till  melted  to- 
gether. The  filings  of  zinc  and  copper  may  be  intimate- 
ly blended  togethei' ;  and  yet,  with  the  aid  of  a  magnifier, 
the  two  metala  may  be  perceived  to  be  perfectly  di&tiuci. 
When  meUed  in  a  crucible,  however,  they  combine,  and 
form  a  homogeneous  mass.  In  other  instances,  caloric 
serves  as  the  mean  of  separating  bodies  already  united. 
Thus,  lead  and  sulphur  are  disunited  by  exposure  in  a  high 
temperature.  In  favouring  the  operation  of  alEuity,  ca- 
loric seems  to  act  as  a  solvent ;  and,  in  decomposing  bo- 
dies, 'rts  effects  are  perhaps  explicable  on  the  principle  of 
elective  alBnity.  Thus,  in  the  foregoing  example,  sul- 
phur, in  a  high  temperature,  or  when  surrounded  by  a 
great  quantity  of  uncombined  caloric,  is  more  powerfully 
attracted  by  caloric  than  by  lead. 
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SECT.  II. 

Caloric  the  Cause  of  Fluidity. 

I.  The  temperature  of  melting  snow^  or  ofthawingke^ 
is  uniformly  the  same  at  all  timeo^  and  in  aid  places^/— This 
may  be  ascertained  by  the  thennometer,  wluch  will  ahraya, 
when  immersed  in  liquefying  ice  or  snow,  point  to  S2*  of 
Fahrenheit,  whatsoever  may  be  the  height  of  the  baro- 
meter, or  die  elevation,  above  the  sea,  of  the  place  where 
the  experiment  is  made. 

II*  The  sensible  heat^  or  temperature^  ofice^  is  not  change 
ed  by  liquefaction. — A  thermometer  in  pounded  ice  stands 
at  32°,  and  at  the  very  same  point  in  the  water,  wUch  r^ 
suits  from  the  liquefiiction  of  ice. 

III.  Tet  the  ice^  during  Hqutfaction^  must  absorb  much 
rai(9r«c.i— Expose  a  pouna  of  water  at  32%  and  a  pound  of 
ice  at  32*,  in  a  room,  the  temperature  of  which  is  several 
degrees  above  die  freezing  pomt,  and  unifarmly  the  same 
during  the  experiment.  The  water  will  arrive  at  the  tem- 
perature of  die  room^  several  hours  befisre  the  ice  is  meh- 
ed  ;  and  the  mdted  ice  will  give,  as  before  its  liquefac- 
tion, the  temperature  oi  32^.  Yet  the  ice  mivrt,  durin|^ 
the  whole  of  this  time,  have  been  receiving  caloric,  bei> 
cause,  according  to  Exp.  IV.  ^  1.  a  hotter  body  can  never 
be  in  contact  with  a  colder  one,  without  imparting  beat 
to  the  latter.  The  caloric,  therefore,  which  has  entered 
the  ice,  but  is  not  to  be  found  in  it  by  the  thermometer, 
must  be  chemically  combined ;  just  as  muriatic  acid,  by 
union  with  lime,  loses  all  its  charactcrisdc  properues. 

IV.  The  qtmntity  ofuncombined  caloric  that  enters  into 
apoundofice^  and  becomes  united^  during  liquefaction^  wuty 
be  learned  by  experiment. — ^To  a  poimd  of  water,  at  172**, 
add  a  pound  of  ice  at  32°.  The  temperature  will  not  be 
the  arithmetical  mean,  but  much  below  it,  viau  32*.  Ail 
the  uncombined  caloric  of  the  hot  water  has  therefore  di»> 
appeared.  From  172'  take  32";  the  remainder,  140% 
shows  the  quanuty  of  caloric  that  combines  with  a  pound 
of  ice  during  liquefacdon  ;  that  is,  as  much  caloric  is  ab- 
sorbed by,  and  unites  chemically  with,  a  pound  of  ice,  dur- 
ing its  conversion  into  water,  as  would  raise  a  pound  of  wa- 
ter from  32*  to  1 72*. 
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V.  Other  examples  of  the  absorption  of  caloric,  dur'mg 
the  liquefaction  of  bodiex,  arc  furnished  by  lliu  mixture  of 
snow  and  nitric  acid,  or  of  snow  and  common  salt,  both  of 
which,  in  common  language,  produce  intense  cold.* 

1.  Dilute  a  portion  of  nitric  acid  widi  an  equal  weight 
of  water  ;  and,  when  the  mixture  has  cooled,  add  to  it  a 
quantity  of  light  fresh-fallen  snow.  On  immti-sing  the 
ihermometur  in  the  mixture,  a  vcr\-  considerable  reduc- 
tion of  temperature  will  be  observed.  This  is  owing  to 
the  absorption,  and  intimate  fixation,  of  the  uncombined 
caloric  of  the  mixture,  by  the  liqueiV'ing  snow. 

2.  Mix  quickly  together  equal  weights  of  fresh-fallen 
snow  at  32",  and  of  common  salt  cooled  by  exposure  to 
a  freezing  atmosphere  down  to  32°.  The  two  solid  bo- 
dies, on  admixture,  will  rapidly  liquefy  i  aiid  the  thermo- 
meter will  sink  32%  or  to  O.  To  understand  this  experi- 
nicnt,  it  must  be  recollected,  that  the  snow  and  salt, 
though  at  the  freezing  temperature  of  water,  have  each  a 
considerable  portion  of  uncombined  caloric.  Now,  salt 
has  a  strong  affinity  for  water;  but  the  union  cannot  take 
place  while  the  water  continues  solid.  In  order,  there- 
fore, to  act  on  the  salt,  the  snow  absorbs  all  the  uncom- 
bined caloric  required  for  its  liquefaction  ;  and  during 
this  change,  the  free  caloric,  both  of  the  snow  and  of  the 
salt,  amounting  to  32°,  becomes  latent,  and  is  concealed 
in  the  solution.  This  solution  remains  in  a  liquid  state  at 
O  of  Fahrenheit ;  hut  if  a  greater  degree  of  cold  be  ap- 
plied to  it,  the  salt  separates  in  a  concrete  form. 

3.  Most  neutral  salts,  also,  during  solution  in  water, 
djBorti  much  caloric  ;  and  the  cold,  thus  generated,  is  so 
intense  as  to  freeze  water,  and  evi-n  to  congeal  mercury. 
The  former  espcrimeni,  however,  (viz.  the  congelation  of 
water,)  may  easily  be  repeated  on  a  summer's  day.  Add 
to  32  drachms  of  water,  1 1  drachms  of  muriate  of  ammo- 
nia, 10  of  nitrate  of  potash,  and  16  of  sulphate  of  soda, 
all  finely  powdered.  The  salts  may  bedissolved  separate- 
ly, in  the  order  set  down.  A  tliermometer,  put  into  the 
solution,  will  show,  that  the  cold  produced  is  at  or  below 
freezing  ;  and  a  little  water,  in  a  thin  glass  tube,  being 
immersed  in  the  solution,  will  be  frozen  in  a  few  minutes. 
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Various  other  freezing  mixtures  are  described  in  Mr. 
Walker's  papers  in  the  Philosophical  Transactions  for  1787, 
8S,  89,  95,  and  1801  ;  of  which  the  Table,  given  in  Uie 
Appendix,  exlubits  an  abstract. 

4.  Muriate  of  lime,  when  mixed  with  snow,  produces 
a  most  intense  degree  of  cold.  This  property  was  disco- 
vered some  years  ago  by  M.  Lovitz,  of  St.  Pettrsburgh, 
and  has  been  since  applied,  in  this  country,  to  the  conge- 
lation of  mercury  on  a  very  extensive  scale.  The  propor- 
tions, which  answer  best,  are  about  equal  weights  of  the 
salt  finely  powdered,  and  of  fresh-fallen  and  light  snow. 
On  mixing  these  together,  and  immersing  a  thermome- 
ter in  the  mixture,  ^e  mercury  sinks  with  great  rapidity. 
For  measuring  exactly  the  cold  produced,  a  spiriMher- 
mometer,  graduated  to  50°  below  O  of  Fahrenheit,  or  still 
lower,  should  be  employed.  A  few  pounds  of  die  salt  are 
sufficient  to  congeal  a  ku'ge  mass  of  mercury.  ■  By  means 
of  13lbs.  of  the  muriate,  and  an  equal  weight  of  snow, 
Messrs.  Pepys  and  Allen  froze  56  lbs.  of  quicksilver  into 
a  solid  mass.  The  mixture  of  the  whole  quantity  of  sak 
and  snow,  however,  was  not  made  at  once,  but  part  was 
expended  in  cooling  the  materials  themselves. 

On  a  small  scale  it  may  be  sufficient  to  employ  two/Or 
three  pounds  of  the  salt.  Let  the  mercury,  in  a  very  thin 
g^ass  retort,  be  immersed,  first  in  a  mixture  of  one  pound 
of  each  ;  and,  when  this  has  ceased  to  act,  let  another 
mixture  be  prepared.  The  second  will  never  iinl  to  con- 
geal the  quicksilver. 

In  plate  IV.  fig.  42.  a  very  simple  and  cheap  apparatus 
is  represented,  which  I  have  generally  employed  to  freeze 
mercuiy.  The  dimensions  will  be  given  in  the  descrip- 
tion of  the  plates.     See  Appendix. 

The  salt  thus  expended  may  be  again  evaporated,  and 
crystallized  for  future  experiments. 

The  reader,  who  wishes  for  fiurther  particulars  respect- 
ing these  experiments,  is  referred  to  the  Philosophical 
Magazine y  VoL  III.  p.  76. 

VI.  On  the  contrary^  liquids^  in  becoming  aolid^  evolve  or 
give  out  caloric,  or,  in  common  language,  produce  heat, 

1.  Water,  if  kept  perfecdy  free  from  agitation,  may  be 
cooled  down  below  32^ ;  but,  on  shaking  it,  it  immediate- 
ly congeals,  and  the  temperature  rises  to  32®. 
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3,  Expose  to  the  atmosphere,  when  at  a  temperature 
below  freezing,  (for  example,  at  25'  of  Fahrenheit,)  two 
equal  quantities  of  water,  in  one  only  gf  which  about  a 
fourth  of  its  weight  of  salt  has  been  dissolved.  The  sa- 
line aoUition  wiU  be  gradually  cooled,  without  freezing,  to 
23°.  The  pure  water  will  gradually  descend  to  33°,  and 
will  there  remain  stationary-  a  considerable  time  before  it 
coagcals.  Yet  while  thus  stationary,  it  cannot  be  doubt- 
ed, that  the  pure  water  is  yielding  caloric  to  the  atmos- 
phere, equally  with  the  saline  solution  ;  for  it  is  impossi- 
ble that  a  warmer  body  can  be  surrounded  by  a  cooler  one, 
without  imparting  caloric  to  the  tatter.  The  reason  of  this 
equRble  temperature  is  well  explained  by  Dr.  Crawford. 
0n  Utat,  p.  80.)  \Vater,  he  observes,  during  freezing, 
is  acted  upon  by  two  opposite  powers  :  It  is  deprived  of 
caloiic  by  exposure  to  a  medium,  whose  temperature  is 
below  32°  ;  and  it  is  supplied  with  caloric,  by  the  evolu- 
tion of  that  principle  from  itself,  viz.  of  that  portion 
which  constituted  its  fluidity.  As  these  powers  are  exact- 
ly equal,  the  temperature  of  the  water  must  remain  un- 
changed, till  the  caloric  of  fluidity  is  all  evolved. 

3.  The  evolution  of  caloric,  during  the  congelation  of 
water,  is  well  illustrated  by  the  following  experiment  of 
Dr.  Crawford  ; — Into  a  round  tin  vessel  put  a  pound  of 
powdered  ice  ;  surround  this  by  a  mixture  of  snow  and 
siilt  in  a  larger  vessel ;  and  stir  the  ice  in  the  inner  one, 
till  its  temperature  is  reduced  to  4°  of  Fahrenheit.  To 
tile  ice  thus  cooled,  add  a  pound  of  water  at  32°.  One- 
fifth  of  this  will  be  frozen  ;  and  the  temperature  of  the  ice 
will  rise  from  4°  to  32".  In  this  instance,  the  caloric, 
evolved  by  the  congelation  of  nnc-li(th  of  a  pound  of  wa- 
ter, raises  the  temperature  of  a  pound  of  ice  28  degrees. 

4.  To  a  saturated  solution  of  sulphate  of  potash  in  wa- 
ter, or  of  any  salt  that  is  insoluble  in  alcohol,    add  an 
equal  measure  of  alcohoL     The  alcohol,   attracdng   the 
water  more  strongly  than  the  salt  retains  it,  precipiutes  tba  « 
salt,  and  considerable  heat  is  produced. 
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SECT.  IIL 

Caloric  the  Cause  of  Vapour. 

1.  Every  liqtdd^xvhen  of  the  same  degree  of  chemical  puri-- 
ty^  and  under  ejuai  circumstances  of  atmospheric  pressurCy 
has  one  pectUiar  point  of  temperatttre^  at  which  it  nrnoria- 
bhf  boils. — Thus,  pure  water  always  boils  at  212^,  alcohol 
at  176%  and  ether  at  98''  Fahrenheit.  The  boiling  point 
of  water  maybe  readily  ascertained,  by  immersing  a  ther- 
mometer in  water  boiling  over  the  fire.  As  there  is  some 
danger  in  applying  flame  directly  to  a  vessel  containing  ei- 
ther ether  or  alcohol,  the  ebullition  of  these  fluids  may 
be  shewn,  by  immersing  the  vessel  containing  them  in  wa* 
ter,  the  temperature  of  which  may  be  gradually  jndsed. 
The  appearance  of  boiling  is  owing  to  the  formation  of 
vapour  at  the  bottom  of  the  vessel,  and  its  escape  through 
the  heated  fluid  above  it. 

IL  Steam  has  exactly  the  same  temperature  as  boiihig 
water^^-I^et  a  tin  vessel  be  provided,  having  two  holes  in 
its  cover,  one  of  which  is  just  large  enough  to  admit  the 
stem  of  a  thermometer.  Fill  it  pardy  with  water,  and  let 
the  bulb  of  the  thermometer  be  an  inch  or  two  above  the 
surface  of  the  water,  leaving  the  other  aperture  open  for 
die  escape  of  vapour.  When  the  water  boils,  the  ther- 
mometer, surrounded  by  steam,  will  rise  to  212°,  which  is 
precisely  the  temperature  of  the  water  beneath :  Yet  wa- 
ter, placed  on  a  fire,  continues  to  receive  heat,  very  abun- 
dandy,  even  when  boiling  hot ;  and  as  this  heat  is  not  ap- 
preciable by  the  thermometer,  it  must  exist  in  the  steam, 
in  a  state  of  chemical  union. 

III.  The  boiling  point  of  the  same  Jiuid  varies^  under 
different  degrees  of  atmospheric  pressure, — ^Thus,  water, 
which  has  been  removed  from  the  fire,  and  ceased  to  boil, 
has  its  ebuIUdon  renewed,  when  it  is  placed  under  a  receiv- 
er, the  air  of  which  is  quickly  exhausted  by  an  air  pump. 
Alcohol  and  ether,  confined  under  an  exhausted  receiver, 
boil  violendy  at  the  temperature  of  die  atmosphere.  In 
general,  liquids  boil  in  vacuo^  with  about  140°  less  of  heat, 
Uian  are  required  under  a  mean  pressure  of  the  atmos- 
phere. (Black's  Lectures,  I.  151.)  (N.IO.) 
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The  influeuce  of  a  diminished  temperature  in  facilitating  J 
ebullitiun,  may  be  inferred  also  from  lUt  following  ver)& 
simple  experiment  :  Place,  over  a  lamp,  a  Florence  flask  J 
about  th rue-fourths  filled  with  water;  let  it  boil  briskly, 
during  a  few  minutes  ;  and,  immediately  on  removing  it 
J'rom  the  lamp,  cork  it  tightly  up  :  The  water  will  now 
CCU6C  to  boil  ;  but,  on  cooling  the  upper  part  of  the  flask  by 
a  wet  cloth,  the  boiling  will  be  renewed.  This  renewal  ol" 
the  ebullition,  by  the  application  of  cold,  (an  apparent  pa- 
radox) is  owing  lo  the  formation  of  an  inaperlect  vacuum 
(iverihehotwater,by  the  condensation  of  steam.  (No.  11.) 

From  these  facts,  it  may  be  inferred,  that  the  particles  ol 
caloric  arc  mutually  repubive,  and  that  they  communicate 
this  repulsive  tendency  to  other  bodies  in  winch  caloric  is 
contained.  This  repulsive  power  tends  to  ch^ige  solids 
into  fluids,  and  liquids  into  aiiriform  bodies,  and  is  chiefly 
counteracted  by  the  pressure  of  the  aimosplivre. 

Were  this  counteracting  cause  removed,  many  bodies, 
whith  at  present  have  a  liquid  form,  would  cease  to  be 
such,  and  would  be  changed  into  a  gaseous  state.  Pre- 
cisely the  same  effect,  therefore,  results  from  the  preva- 
lence of  either  of  these  forces.  Add  to  certain  liquids  a 
quantity  of  caloric,  in  other  words,  place  them  in  a  high 
temperature,  and  they  are  immediately  converted  into 
gases  ;  Or,  their  tetnperature  remaining  the  same,  dimi- 
nish the  weight  of  the  atmosphere ;  and  the  caloric,  which 
ihey  naturally  contain,  exerts  its  repulsive  tendency  with 
equal  effect,  and  they  are  in  like  manner  converted  inlu 
guses.  These  facts  are  best  shewn  by  the  following  expe- 
riments on  eiher : 

1.  Edier,  at  the  temperature  of  104-°,  csistsin  the  state 
of  a  gas.  This  may  be  shewn  by  fiUingajar  with  water 
i>f  this  ttmpcrature,  and  inverting  it  in  a  vessel  of  the 
same.  Then  introduce  a  little  ether,  by  meansol  a  small 
(i;las3  tube  closed  at  one  end.  The  ether  will  rise  lo  the  top  of 
I  lie  jar,  and,  in  its  ascent,  will  be  changed  into  gas.  (N.  12,) 

2.  Ether  is  changed  into  gas  by  diminishing  the  weigltt 
of  the  atmosphere.  Into  a  glass  tube,  about  six  inches 
long,  and  half  an  inch  in  diameter,  put  a  tea-spoonful  of 
ether,  and  fill  up  the  tube  with  water  :  tlien  pressing  the 
ihiimb  on  the  open  end  of  the  tube,  place  it,  inverted,  in 
a  jar  of  water.  Let  the  whole  be  set  under  the  receiver 
<i^  un  air-pump,  and  the  air  exhausted.     The  ether  will  be 
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changed  into  gas,  which  will  expel  the  water  entirely  from 
the  tube.  On  re-admitting  the  air  into  the  receiver,  the 
gas  is  again  condensed  into  a  liquid  form. 

IV.  (Jn  the  contrary^  by  considerably  increasing  thepres^ 
sure^  -water  may  be  heated  to  above  4O0**  Fahrenheiiy  -with" 
out  being  changed  into  vapour* 

This  experiment  requires,  for  its  performance,  a  strong 
iron  vessel,  called  a  Papin's  digester,  a  plate  of  which  may 
be  seen  in  Gren's  Chemistry.  That  the  boiling  point  of 
water,  and  the  temperature  of  steam,  are  raised  by  an  in- 
creased atmosj^ric  pressure,  may  be  shown,  however,  by 
means  of  the  small  boiler  represented  plate  v.  fig*  46.) 
and  which  will  be  found  extremely  useful  in  expenments 
OB  this  subject.  Its  exact  size,  and  directioiis  for  its 
coQStmction,  will  be  given  in  the  appendix. 

On  the  cock  c  may  be  screwed,  occasionally,  a  valve, 
loaded  in  the  proportion  of  fourteen  pounds  to  die  square 
inch.  The  boiler  being  rather  more  than  half-filled  with 
water,  and  the  perforated  cap  d  being  screwed  into  its 
pbce,  the  ball  of  die  thermometer  will  be  an  inch  or 
more,  above  the  «urface  of  the  water,  smd  will  indicate  its 
temperature,  as  well  as  that  of  the  steam,  both  being  in 
all  cases  preciady  the  same.  Allowing  the  steam  to  e»^ 
cape  through  the  cock  c,  before  affixing  the  vidve,  the 
temperature  of  the  steam,  under  a  mean  atmospheric  pres-* 
suie^  will  be  21So.  When  an  additional  atmosphere  is 
added  by  the  weighed  valve,  it  will  rise  to  above  240 ;  by 
a  valve  twice  as  heavy  as  the  first,  or  loaded  in  the  propor- 
tion of  twenty-eight  pounds  to  the  square  inch,  the  tem- 
perature of  the  steam  will  be  rsused  to  nearly  270.  This 
IS  as  far  as  it  is  safe  to  carry  the  experiment ;  but  by  sub- 
stitnting  a  strong  iron  vessel,  d\e  numbers  have  been  ob- 
tained, which  will  be  found  in  the  form  of  a  TaUe,  in  the 
appendix. 

V.  The  absorption  ofcaloric,  during  evaporation^  shenm 
by  experiment. 

Moisten  a  thermometer  with  alcohol,  or  with  ether,  and 
expose  it  to  the  mr,  repeating  these  operations  alternate- 
ly* The  mercury  of  the  thermometer  will  sink  at  each  ex- 
posure, because  the  volatile  liquor,  during  evaporation, 
robs  it  of  its  heat.  In  this  way,  (especially  with  the  aid 
of  an  apparatus  described  by  Mr.  CavaUo,  in  the  Philoso- 
pUcal  Tnmsactions  1781,  -p.  509.)  water  may  be  frozen  in 
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a  thin  ami  small  giaas  ball,  by  means  of  ethei-.  The  s 
effect  may  be  obtained,  also,  by  immersing  a  tube,  coo-  1 
taming  water  at  the  bottom,  in  a  glass  of  ether,  which  a  ] 
to  be  i^ced  under  the  receiver  of  an  air-pump  :  or  the 
ether  may  be  allowed  to  float  on  the  surface  of  the  water. 
During  the  exhaustion  of  the  vessel,  the  ether  will  evapo- 
rate  rapidly ;  and,  robbing  the  water  of  heat,  will  com- 
pletely freeze  it. 

VI.  The  Jixation  of  caloric  in  watery  by  its  conversion 
into  steam,  maif  be  shervn  by  the  foUoTving  experiments  ; — 
1.  Let  a  pound  of  water  at  212°,  and  ei^t  pounds  of  iron- 
filings  at  300°,  be  suddenly  mixed  togedier.  A  large 
quantity  of  vapour  will  be  instantly  generated  :  and  the 
temperature  of  the  mixture  will  be  only  212°:  But  that 
of  the  vapour  produced,  ia  also  not  more  than  212°  ;  and 
the  steam  must  therefore  contain,  in  a  latent  or  combined 
form,  all  the  caloric  which  raised  tlie  temperature  of  eight 
pounds  of  iron-ftlings  from  212°  to  3C»°. 

2.  The  quantity  of  caloric,  which  thus  becomes  latent 
during  the  formation  of  steam,  may  be  approximated,  by 
repeating  the  following  experiment  of  Dr.  Black :  He 
placed  two  cylindrical  flat~l>ottomed  vessels  of  tin,  five 
inches  in  diameter,  and  containing  a  small  quantity  of  water 
at  50°,  on  ared-hot  iron  plate, of  thekind  used  in  kitchens. 
In  four  minutes  the  water  began  to  boil,  and  in  twenty  mi- 
nutes the  whole  was  boiled  away.  In  four  minutes,  there- 
fore, the  water  received  162°  of  temperature,  or  40^°  in 
each  minute.  If  we  suppose,  therefore,  that  the  heat  con- 
tinues to  enter  the  water  at  the  same  rate,  during  the  whole 
ebullition,  we  must  conclude  that  40i°  -|-  20°  =  810°  have 
entered  the  water,  and  are  contained  in  the  vapour. 

VII.  On  the  contrary,  vapours,  during  their  conversion 
into  a  liquid  form,  evohe,  or  give  out,  much  caloric. — The 
heat  given  out,  by  the  condensation  of  steam,  is  rendered 
apparent  by  the  following  experiment:  Mix  lOO  gallons  of 
water  at  50°,  with  1  gallon  of  water  at  212°.  The  tem- 
perature of  the  water  will  be  raised  about  Ii°.  Condense, 
by  a  common  still-tub,  1  gallon  of  water,  from  the  state 
of  steam,  by  100  gallons  of  water,  at  the  temperature  of 
SO*.  The  water  will  be  raised  H".  Hence,  8  pounds  of 
water,  condensed  from  steam,  raise  the  temperature  of 
100  gallons  of  cold  water  Sj"  more  than  8  pounds  of 
boiling  water  ;  and,  by  an  easy  calculation,  it  appears,  that 
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the  caloric  imparted  to  the  100  gallons  by  the  stetm,  if  it 
cocdd  be  condensed  in  1  gallon  of  water,  would  raise  it  to 
950^.  A  pound  of  water,  therefore,  in  the  state  of  steam^ 
contains  more  caloric  than  a  pound  of  boiling  water,  in  the 
proportion  of  950  to  212. 

For  exhibiting  the  same  Cut,  by  means  of  a  small  ap* 
pan^tus,  which  may  be  placed  on  a  table,  and  with  the  as- 
sistance only  of  a  lamp,  the  boiler  already  described 
(fig.  46.)  will  be  found  extremely  well  adi^pted*  The 
ri^t-angled  pipe  e  must  be  screwed,  however,  into  its 
place,  and  must  be  made  to  terminate  at  the  bottom 
of  a  jar,  containing  a  known  quantity  of  water  of  a 
given  temperature.  The  conducdngfape  and  die  jar 
should  be  ¥nrapped  round  with  a  lew  folds  of  flanneL 
The  apparatus  being  thus  disposed,  let  the  water  in  the 
boiler  be  heated  by  an  Argand^s  lamp,  with  double  coo- 
centric  wicks,  till  steam  issues  in  considerable  quandty 
through  the  cock  c,  which  is  then  to  be  dosed.  The 
steam  will  now  pass  through  the  rij^t-angjfed  pipe  into 
the  water  contained  in  the  jar,  which  win  cooidense  it, 
and  win  have  its  temperature  very  conuderafafy  raised* 
Ascertain  the  augmentation  of  temperature  and  weight  s 
and  the  result  wiU  shew,  how  much  a  given  weight  of  wa- 
ter has  had  its  temperature  raised  by  a  certun  weight  of 
condensed  steam.  To  another  quantity  of  water,  equal, 
in  weight  and  temperature,  to  that  contained  in  die  jar  at 
the  outset  of  die  experiment,  add  a  quantity  of  water  at 
212*,  equal  in  weight  to  the  condensed  steam ;  it  will  be 
found,  on  comparison  of  the  two  resulting  temperatures, 
that  a  given  weight  of  steam  has  produced,  by  its  conden* 
sation,  a  much  nreater  elevation  of  temperature,  than  the 
same  quantity  of  boiling  water.  Tlus  will  be  better  un- 
derstood by  the  foUowing  example,  taken  from  actual  ex- 
periment : 

Through  eight  ounces  of  water,  at  51**  Fahrenheit,  con- 
tamed  in  the  ^ass  jar,  steam  was  passed  from  the  boiler, 
till  the  temperature  of  the  water  in  the  jar  rose  to  177*. 
On  weighting  die  water,  it  was  found  to  have  giuned  nine 
drachms;  that  is,  predsely  nine  drachms  of  steam  had 
been  condoised,  and  had  imparted  its  heat  to  the  water. 
— To  focilitate  the  explanation  of  diis  experiment,  it  is 
necessary  to  prenuse  the  following  facts  : 


If  lo  10  ounces  of  water  at  GO",  ne  add  an  equal  quan- 
tity of  water  at  the  same  temperature,  we  shall  have  20 
ounces  at  GO*;  that  is,  double  ihe  quantity  of  heat  we  had 
before  the  addition.  Or,  if  to  10  ounces  of  water  at  60*, 
we  add  20  ounces  of  water  at  60°,  we  shall  have  30  ounces 
at  60°,  or  three  times  the  quantity  of  heat  we  had  before 
the  addition.  Again,  if  to  10  ounces  of  water  at  60",  10 
ounces  at  120°  be  added,  wc  shall  obtain  20  ounces  of 
90°,  which  is  still  three  times  the  quantity  of  heat,  exist- 
ing in  the  first  portion  before  the  addition  of  the  second. 
Hence,  as  was  before  stated,  the  temperature  of  the  mix- 
ture of  two  equal  quantities  of  water  of  differeot  tempe- 
ratures, will  be  the  arithmetical  mean  of  those  tempera- 
tures; aadhtnce,  also,  e/ie  yuantitif  of  xvater,inuitipIifiJb^  , 
the  temperaturcywitl  ahuoiftt  be  a  LOmparative  meoiure  of  the 
quantity  of  heat. 

In  the  foregoing  experiment,  nine  drachms  of  steam  o£'. 
212%  added  to  64  drachms  of  water  of  51",  produced  7X 
drachms  of  wau-r  of  ITT".     Now, 

73  +  irr  —  12921    =  whole  heat  of  the  mixture. 

-,     ,      _.  -„. ,  f  heat  of  64  drachms,  one  of  J 

■^  ^__  I    ""^  '""^  component  parts. 

The  difermcc,     96sr,  =  (  ^""  "'  '  <l"'l>ms,  ihe  oUier. 
'  '  t      comimnent  part. 

Therefore,  9657  divided  by  9  =  1073°,  should  have  heel 
the  temperature  of  the  latter  portion,  (viz.  9  drachms),  h 
none  of  its  heat  been  latent;  and   1073 — 212  =  S&l'ttM 
gives  the  latent  heat  o£  the  steam.     This  result  does  i 
differ  more  than  might  be  expected,  owing  to  the  i 
voidable  inaccuracies  of  the  experiment,  from  Mr.  Watt's 
determination,  which  status  the  latent  heat  of  steam  U  | 
950,  or  from  that  to  1000. 

The  large  quantity  of  caloric,  latent  in  steam,  renders  it 
application  extremely  useful  for  practical  purposes.  Thua/^ 
water  may  be  heated,  as  in  the  foregoing  experiment,  at 
a  considerable  distance  from  the  source  of  heat,  by  length- 
ening the  conducting  pipe  r.  This  furnishes  us  with  a 
commodious  method  of  wanning  the  water  of  baths, 
which,  in  certain  cases  of  disease,  it  is  of  importance  to 
have  near  the  patient's  bed-room.  Steam  may  also  be 
applied  to  the  purpose  of  heabng  or  evaporating  water, 
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by  a  modificflthm  of  the  apparatus.  Fig.  46.  g.  repre- 
aents  the  af^MvatdB  for  boiling  water  by  the  condensatioa 
of  Bteam,  unthout  adding  to  its  quantity ;  a  circumstance 
occaaioaally  of  considersd>le  importance.  The  steam  is 
received  between  the  vessel,  whidi  contains  the  water  to 
be  healed,  and  an  exterior  case ;  it  imparts  its  caloric  to  the 
water,  tfafougb  the  substance  of  die  vessel ;  is  thus  con* 
densed,  and  letnm  to  die  boiler  by  the  perpendicular 
pipe.  An  sdteration  of  the  form  of  Ae  vessel  adapts  it  to 
evaporation  ^fig.  46.  A.).  This  method  of  evaporation  is 
admirafaly  suited  to  the  concentration  of  liquids,  that  are 
decomposed^  or  injured,  by  a  higher  temperature  than  that 
of  faoMmg  water,  such  as  medicinal  excratts,  &c.  In  the 
rcmfployment  of  either  of  these  vessels;,  it  is  expedient  tcr 
surround  it  wiib  sooae  sk>w  conductor^  of  heat.  On  a 
small  scale,  a  few  folds  of  woollen  doth  are  sufficient ;  and, 
when  die  vessel  is  eonstructed  of  a  large  size  for  practical 
use,  this  purpose  is  served  by  the  l>rick^WDrk  in  which  it 
ispiaced. 

SECT.  IV. 

Specific  Cahric 

Equal  weights  of  die  tame  body,  at  the  same  temperap 
tiure,  contain  simslar  qoanddet  of  caloric  But  equal 
wtifjtmefSferent  bocues,  at  die  same  temperature,  con- 
tain uBeqoal  qoanddes  of  caloric.  The  quantity  of  calo-' 
ric,  which  one  botfy  contains,  compared  with  that  con^ 
tained  in  aaodior,  is  called  its  ^Ptcific  cabric;  and  the 
power  or  property,  which  enables  Ixxues  to  retain  different 
euantitifs  of  caloric,  has*  been  called  cafadhf  for  cahrk. 
The  methtxl  for  determining  the  spedfic  caloric,  or  com* 
parative  quantities  of  caloric  in  diferent  bodies,  is  as  fol« 
lows: 

It  hat  idready  been  observed,  that  equal  weights  of  the 
same  body,  at  different  temperatures,  give,  on  admixture, 
the  aridimelscd  nsean.  Thus,  the  temperature  of  a  pint 
of  hot  water,  and  a  pint  of  cold,  is,  after  mixture,  exactfy* 
half  way  between  that  of  the  two  extremes.  But  this  is 
not  the  case,  when  equal  qoandties  of  different  bodies,  at 
diflbrent  temperaturts,  are  employed. 


(fl)  If  a  pint  of  quicksilver  at  1J0°  Fahrenheit,  be  mix- 
ed with  a  pint  of  water  at  100°,  the  resulting  temperature 
will  not  be  123",  (the  aiithmetical  mean)  but  only  130*. 
Hence  the  quicksilver  loses  30°  of  heat,  which  neverthe- 
less  raise  the  temperature  of  the  water  only  20° ;  in  other 
words,  a  larger  quantity  of  caloric  is  required  to  raise  the 
temperature  of  a  pint  of  water,  than  that  of  a  pint  of  mer- 
cury,  through  the  same  number  of  degrees.  Hence  it  is 
inferred,  that  water  has  a  greater  capacity  for  caloric  than 
is  inherent  in  quicksilver, 

(p)  The  experiment  may  be  reversed,  by  heating  the 
water  to  a  greater  degree  than  the  quicksilver.  If  the 
water  be  at  150°,  and  the  mercury  at  100°,  the  resulting 
temperature  will  be  130°  ;  because  the  pint  of  hot  water 
contains  more  caloric,  than  is  necessary  to  raise  the  quick- 
silver to  the  aiithmetical  mean. 

((■)  Lasdy,  if  we  take  3  measures  of  quicksilver  to  2  of 
water,  it  is  of  no  consequence  which  is  the  hotter  ;  for  the 
resulting  temperature  is  always  the  mean  between  the  two 
extremes;  for  example  135,  if  the  extremes  be  150  and 
100.  Here,  it  is  manifest,  that  the  same  quantity  of  ca- 
loric, which  makes  two  measures  of  water  warmer  by  25% 
is  sufiicient  for  making  three  measures  of  quicksilver 
warmer  by  the  same  number.  Quicksilver  has,  therefore, 
a  less  capacity  than  water  for  caloric,  in  the  proportion, 
when  equal  measures  are  taken,  of  two  to  three. 

When  this  comparison  is  extended  to  a  great  variety  of 
bodies,  they  will  be  found  to  differ  very  considerably  in 
their  capacities  for  caloric.  The  results  of  numerous  ex- 
periments of  this  kind  are  comprised  in  a  Table  of  speci< 
fie  caloric  (see  the  Appendix.) 

The  capacities  of  bodies  for  caloric,  influence,  consi- 
derably, the  rate  at  which  they  arc  heated  and  cooled. 
In  general,  those  bodies  are  most  slowly  heated,  and  cool 
most  slowly,  in  a  given  temperature,  which  have  the 
greatest  capacities  for  heat.  Thus,  if  water  and  quicksil- 
ver be  set,  in  similar  quantities,  and  at  equal  distances, 
before  the  fire,  the  quicksilver  will  be  much  more  rapidly 
heated  than  the  water.  By  ascertaining  the  comparative 
rates  of  cooling,  we  may  even  determine,  with  tolerable 
exactness,  the  specific  caloric  of  bodies  ;  and  particularly 
of  one  class  (the  gases,)  which  are  not  easily  compared  in 
any  other  way.  (See  Leslie  on  Heal,  Chap.  XXI.) 
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CHAP.  IV. 


OF   LIGHT. 


The  laws  of  light,  so  far  as  they  relate  to  the  phenome" 
na  of  its  movement,  and  to  the  sense  of  vision,  constitute 
the  science  of  Optics  ;  and  are  the  objects,  therefore, 
not  of  Chemistry,  but  of  Natural  Philosophv.  Lig^t,  how- 
ever, is  capable  of  producing  important  chemicd  eifects, 
and  of  entering  into  various  chemical  combinations.  Its 
action  is,  for  the  most  part,  exerted  in  de*oxidizing  bo- 
dies ;  and  facts  of  this  kind  cannot  be  perfecdy  under- 
stood, till  two  important  classes  of  bodies  have  been  de- 
scribed, viz.  those  of  oxides  and  of  acids.  In  this  place, 
therefore,  I  shall  state  only  a  few  of  its  least  complicated 
effects ;  and  shall  trace  its  agency  on  different  bodies,  as 
they  become  die  objects  of  experiment  in  the  sequeL 

I.  Light,  in  die  state  in  which  it  reaches  the  organ  of 
vision,  it  b  well  known,  is  not  a  simple  body,  but  is  ca^ 
pable  of  being  divided,  by  the  prism,  into  seven  primary 
rays  or  colours,  viz.  red,  orange,  yellow,  green,  blue,  in- 
digo, and  violet.  These  are  refrangible  in  the  above  or- 
der, the  red  being  least  refrangible,  and  the  violet  most 
so.  The  image  formed  by  the  different  rap,  thus  sepa- 
rated, constitutes  the  solar  spectrum. 

II.  Heat  and  light  are  not  present,  in  corresponding  de- 
grees, in  different  parts  of  the  solar  spectrum ;  for,  gcne^ 
rally  speaking,  those  rays  illuminate  most,  that  have  the 
least  heatinff  power.  The  rays  in  the  centre  of  the  spec- 
trum have  the  greatest  illuminating  power,  as  may  be  as- 
certsuned  by  viewing,  successively  in  each,  a  small  body, 
such  as  the  head  of  a  conamon  naiL  It  will  be  seen  most 
distinctly  in  the  light  green  or  deep  yellow  rays,  and  less 
plainly  towards  either  extremity  of  the  spectrum. 

III.  The  heatine  power  of  the  rays  follows  a  different 
order. — If  the  bulb  of  a  very  sensible  thermometer  be 
moved,  in  succession,  through  the   differently  cobured 
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rays,  it  will  be  found  to  indicate  the  greatest  heat  in  the 
red  rays  ;  next  in  the  green ;  and  so  on,  in  a  diminishing 
progression,  to  the  violet. 

IV.  When  the  thermometer,  is  removed  entirely  out  of 
the  confines  of  the  red  rays,  but  with  its  ball  still  lu  the 
line  of  the  spectrum,  it  rises  even  higher  than  in  the  red 
i-ays  ;  and  continues  to  rise,  till  removed  half  an  inch  be- 
yond the  extremity  of  the  red  ray.  Tlie  ball  of  the  ther* 
mometer,  emjdoyed  for  this  purpose,  should  be  extremely 
small,'!'  niid  should  be  blackened  with  Indian  ink.  An 
iiir  thermometer  is  better  adapted  than  a  mercurial  one, 
to  exhibit  the  minute  change  of  temperature  that  etuues. 
These  invisible  heat-making  rays  may  be  reflected  by  the 
mirror,  and  refracted  by  the  lens,  exactly  in  the  same 
manner  as  the  ra)  s  of  light. 

V.  Beyond  the  confines  of  the  spectrum  on  the  other 
side,  viz.  a  little  beyond  the  violet  ray,  the  thermometer 
is  QOt  afiected  ;  but  in  this  place  it  is  remarkable,  that 
there  are  also  invisible  rays  of  a  different  kind,  whidi  exert 
all  the  chemical  effects  of  the  rays  of  light,  and  with  evei 
greater  energy.  One  of  the  chenucal  properties  of  ligl 
it  will  hereajter  be  stated,  is,  that  it  speedily  changes,  from^ 
white  lo  black,  the  fresh-precipitated  muriate  of  " 
(See  chap.  xvUi.  sect-  4.)  This  effect  is  produced  most  ra- 
pidly by  the  direct  light  of  the  sun  ;  and  the  rays,  as  se> 
parated  by  the  prism,  have  tliis  property  in  various  degrees; 
The  bluo  rays,  for  example,  effect  a.  change  of  the  muriate 
of  silver  in  fifieen  seconds,  which  the  red  require  twenty 
minutes  to  accomplish ;  and,  generally  speaking,  the  power 
diminishes  as  we  recede  from  the  violet  extremity.  But 
entirely  out  of  the  spectrum,  and  beyond  the  violet  rays; 
the  effect  is  still  produced.  Hence  it  appears,  that  the  so- 
lar beams  consist  of  three  distinct  kinds  of  rays ;  of  those 
tliat  excite  heat,  and  promote  oxidation  ;  of  illuminating 
r.iys  ;  and  of  de-oxidizing  rays.  A  striking  illtisrration  of 
the  different  power  of  these  various  rays  is  furnished,  bv 
their  effect  on  phosphorus.  In  the  rays  beyond  the  red 
extremity,  phosphorus  is  heated,  smokes,  and  emits  whit^ 
fumes  ;  but  these  are  presently  suppressed,  on  exposing  it 

*  EiccUcct  thmnoneCen  tor  chu  purpofc;  are  maiie  bv 
of  Glugow,  BDd  Mr.  Cary  of  London. 
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to  the  de-oxidizing  rays,  which  lie  beyond  the  violet  ex- 
tremity. 

VI.  There  is  an  exce^ion,  however,  as  stated  by  Dr. 
Wollaston,  to  the  de«oxidizing  power  of  the  rays  sbove- 
mentioned.  The  substance,  termed  gum-guaiacum,  haa 
the  property,  when  exposed  to  the  light,  of  changing  from 
a  yellowish  colour  to  green ;  and  this  efiect  he  has  ascer- 
tained  to  be  connected  with  the  absorption  of  oxygen* 
Now  in  the  most  refrangible  rays,  which  would  iiill  beyond 
the  violet  extremity,  he  found  that  this  substance  became 
green,  and  was  ag-^un  changed  to  yellow  by  the  least  re- 
frangible. This  is  precisely  the  reveive  of  what  happens 
to  muriate  of  silver,  which  is  blackened,  or  de-oxidized,  by 
-the  most  refrangible ;  and  has  its  colour  restored,  or  is 
again  oxygenized,  in  the  least  refrangible  rays. 

VII.  Certain  lx}dies  have  the  property  of  absotbiiq^  the 
rays  of  light  in  their  totality;  of  retaining  them  for  some 
time;  and  of  again  evolving  them  unchanged,  and  unac- 
companied by  sensible  heat.  Thus,  in  an  experiment  of 
Du  Fay,  a  (Uamond  exposed  to  the  sun,  and  immediate^' 
covered  with  black  wax,  shone  in  the  dark,  on  removing 
the  wax,  at  the  expiration  of  several  months.  Bocfies, 
gifted  with  this  property,  are  called  solar  phosphori* 
Such  are  Canton's,  Baldwin's,  Homberg^s  and  the  BoIm- 
nian  phosphori,  which  will  be  described  hereafter.  To 
the  same  class  belong  several  natural  bodies,  which  retain 
light,  and  give  it  out  unchanged.  Thus  snow  is  a  natunl 
solar  phosphorus.  So  also  is,  occasionally,  the  sea  whta 
agitated ;  putrid  fish  have  a  similar  property ;  and  the  glow- 
worm belongs  to  the  same  class.  These  phenomena  are 
independent  of  every  thing  like  combustion;  for  artificial 
phosphori,  after  exposure  to  the  sun^s  rays,  shine  in  the 
dark,  when  placed  in  the  vacuum  of  an  air-pump,  or  under 
water,  &c.  where  no  air  is  present  to  effect  combustion. 

VIII.  From  solar  phosphori,  the  extrication  of  light  is 
facilitated  by  the  application  of  an  elevated  temperature; 
and,  after  luiving  ceased  to  shine  at  the  ordinary  tempera- 
ture, they  again  emit  light  when  exposed  to  an  increase 
of  heat.  Several  bodies,  which  do  not  otherwise  give  out 
light,  evolve  it,  or  become  phosphorescent,  when  heated, 
llius,  powdered  fluate  of  lime  becomes  luminous,  when 
thrown  on  an  iron  plate  rsused  to  a  temperature  rather 
above  that  of  boiling  water.    The  yolk  of  an  egg,  when 
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The  apparatus,  required  for  experiments  on  gases,  con- 
sists partlj'  of  vesaeU  fitted  for  containing  the  materials  thai 
aflbrd  them,  and  partly  of  vessels  adapted  for  the  recep- 
tion of  gases,  and  for  submitting  them  to  experiment. 

1.  For  procuring  such  gases  as  arc  producible  witltout 
a  very  strong  heat,  glass  bottles,  furnished  with  ground 
stoppers  and  bent  tubes,  arc  sufHcient,  plate  II.  6g.  18.  OF 
these  several  will  be  required,  of  different  sizes  and  shapes, 
adapted  to  different  purposes.  If  these  cannot  be  pro- 
cured, a  Florence  Rask,  with  a  cork  perforated  by  a  bent 
glass  tube,  or  even  by  a  tin  pipe,  will  serve  for  obtaining 
some  of  the  gases. 

Those  gases  that  require,  for  their  liberation,  a  red  heat, 
may  be  procured,  by  exposing  to  he:it  the  substance  capa- 
ble of  affording  them,  in  earthen  retorts  or  tubes;  or  in  a 
gun-barrel,  the  touch-hole  of  which  has  been  accurately 
closed  by  an  iron  pin.  To  the  mouth  of  the  barrel  must  be 
aflixed  a  glass  tube,  bent  so  as  to  convey  the  gases  where 
it  may  be  requisite. 

A  very  convenient  apparatus,  for  obtaining  such  gases 
as  cannot  be  disengaged  without  a  red  heat,  is  sold  at  the 
shops  for  philosophical  apparatus  in  London.  It  consists 
of  :i  cast  iron  retort,  to  which  a  jointed  metallic  conductp- 
ing  tuba  is  fitted  by  grinding;  and  by  means  of  which  thq 
gas  may  be  conveyed  in  any  direction,  and  to  any  mode- 
rate distance.     (N.  13.)  I 

2.  For  receiving  the  gases,  glass  jars,  of  various  sizes^ 
^Ggs.  2!,  22,  23.)  are.requjred,  somu  of  which  should  br 
turaished  with  necks  at  the  top,  fitted  with  ground  stop- 
pers. Others  should  be  provided  with  brass  caps,  atid 
screws,  for  the  reception  of  air-cocks,  (fig.  22.)  Of  these 
last,  (the  air-cocks,)  several  will  be  found  necessary  ,  and, 
to  some  of  them,  bladders,  or  elastic  bottles,  should  bo 
firmly  tied,  for  the  purpose  of  trauslerring  gases.  These 
jars  will  also  be  found  extremely  useful  in  experiments  on 
the  properties  and  effects  of  the  gases.  Some  of  them 
should  be  graduated  into  cubical  inches. 

To  contain  these  jars,  when  in  use,  a  vessel  will  be  ne- 
cessary, capable  of  hrilding  a  few  gallons  of  water.  .  I'bia 
may  either  be  ot  wood,  if  of  considerable  'iize  ;  or,  if  sinxQ^ 
of  tin,  japanned  or  jiainted.  Plate  IV.  fig.  41.  ^^exhiiM».| 
a  seaion  of  this  apparatus,  which  has  been  urnied 
pneumatD-chemicil  trough,  or  pneumatic  cistern.     Its 
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vMf  vaiy  with  that  of  the  jars  employed  ;  and,  about  two 
or  three  inches  from  die  to\>,  it  should  have  a  shelf,  on 
which  the  jars  may  be  placed,  when  filled  with  air,  with- 
out the  risk  of  being  overset.  In  this  shelf  should  be  a 
few  smril  holes,  to  which  inverted  funnels  may  be  solder- 
ed. 

-  A  glass  tube,  about  eighteen  inches  lono^,  and  three 
quarters  of  an  inch  diameter,  (fig.  24.)  closed  at  one  end, 
nsd  divided  into  cubic  inches,  and  tenths  of  inches,  wiU  b^ 
required  for  ascertaining  the  purity  of  air  by  nitrous  gas. 
It  should  be  accompanied  also  with  a  small  measure,  con« 
taining  about  two  cubic  inches,  and  similarly  graduated. 
For  employing  the  solution  of  nitrous  gas  in  liquid  sul- 
phate of  iron,  (a  happy  invenuon  of  Mr.  Davy,  which  leaves 
-nothing  to  be  desired  in  eudiometry,)  ^ss  tubes,  about 
•five  inches  long,  and  half  an  inch  wide,  divided  decimally^, 
are  also  necessary.  Besides  these,  the  experimentalist 
should  be  fiimished  with  air  funnels,  (fig.  19.)  for  trans^ 
ferring  gases  firom  wide  to  narrow  vessek. 
'  An  apparatus,  almost  indispensable  in  experiments  on 
this  class  of  bodies,  is  a  gazometer,  which  enables  us  to 
receive,  and  to  preserve,  large  quantities  of  gas,  with  the 
aid  of  only  a  few  pounds  of  water.  In  the  form  of  this  ap- 
paratus there  is  considerable  variety ;  but  I  have  no  other 
view  than  of  explaining  its  general  construction  and  use. 
It  consists  of  an  outer  fixed  vessel  d.^  (plate  IV.  fig.  35.) 
andan  inner  moveable  one  c,  both  of  Japanned  iron.  The 
latter  slides  easily  up  and  down  within  the  other,  and  is 
suspended  by  cords  passing  over  pullies,  to  which  are  at- 
tached the  counterpoises,  ee»  To  avoid  the  incumbrance 
-of  a  great  weight  of  water,  the  outer  vessel,  d.^  is  made 
double,  or  is  composed  of  two  cylinders,  the  inner  one  of 
which  i»  closed  at  the  top  and  at  the  bottom.  The  space 
only  of  about  half-an-inch  is  left  between  the  two  cylin- 
ders, as  shewn  by  the  dotted  lines.  In  this  space  the  ves- 
sel c.  may  move  freely  up  and  down.  The  interval  is  fill- 
ed with  water  as  high  as  the  top  of  the  inner  cj'linder. 
The  cup,  or  rim,  at  5ie  top  of  the  outer  vessel,  is  to  pre- 
vent the. water  from  overflowing,  when  the  vessel  c.  is  for- 
cibly pressed  down,  in  which  situation  it  is  placed  when- 
.ever  ^gas  is  about  to  be  cdkcted.  The  gas  enteilB  from 
the  vessel  in  wlud^  it  is  produced,  fay  the  communicatioj^ 
I»pe&«^aQd  passes  akNUgthe  perpendicular  pipe  marked 


by  doUcd  lines  in  ibt:  centre;,   into  die  cavity  of  the  vess 
(-.,  which  continues  ming  till  H  is  full. 

To  trttiijfcr  the  g;is,  or  to  apply  it  to  any  purpose,  du  [ 
cock  ti.  is  to  be  shut,  and  an  empty  bladder,  or  bottle  of 
elastic  gum,  furnished  with  a  stop-cock,  to  be  screwed  on 
a.  WHicn  ihi:  vcssi-l  c.  is  pressed  down  with  the  hand,  the 
g»3  passes  down  the  central  pipe,  which  it  had  before  as- 
Lended,  and  its  escape-  at  b.  being  prevented,  it  finds  its 
way  up  a  pipe  which  is  fixed  to  the  outer  sur£ace  of  the 
\  cssel,  and  which  is  terminated  by  the  cock  a.  By  means 
of  an  ivory  mouth-piece  screwed  upon  this  cock,  the  gas, 
included  in  the  instrument,  may  be  respired  ;  the  nostrils 
being  closed  by  ihc  fingers.  When  it  is  required  to  trans- 
fer the  gits,  into  glass  jars  standing  inverted  in  water,  a 
crooked  tube  may  be  employed,  one  end  of  which  is  screw- 
ed upon  the  cock  b. ;  while  the  other  aperture  is  brought 
under  the  inveited  funnel,  lixed  into  the  shelf  of  the  pneu- 
matic trough. — See  fig.  41.  c. 

Several  alterations  have  been  made  in  the  form  of  this 
apparatus  ;  but  they  are  principally  such  as  add  merely  to 
its  neatness  and  beaut)-,  and  not  to  its  utility ;  and  they 
render  it  less  cas\-  of  explanation.  The  counterpoises  ee. 
are  now,  generally,  concealed  in  the  framing,  and  the  ves- 
sel c.  is  frequently  made  of  glass. 

When  large  quantities  of  gas  arc  required,  (as  at  a  pub- 
lic lecture,)  the  gas-holder,  plate  IV.  fig.  36.  will  be  found 
extremely  useful.  It  is  made  of  tinned  iron  plate,  japanned 
both  within  and  without.  Two  short  pipes,  a.  and  c,  ter- 
minated by  cocks,  proceed  from  its  sides,  and  another,  A., 
passes  through  the  middle  of  the  top,  or  cover,  to  which 
it  is  soldered,  and  reaches  within  half-an-inch  of  the  bot- 
tom. It  will  be  found  convenient  also  to  have  an  air-cock, 
with  a.  very  wide  bore,  fixed  to  the  funnel  at  b.  When 
gas  is  to  be  transferred  into  this  vessel  from  the  gazome- 
ter,  the  vessel  is  first  completely  filled  with  water  through 
the  funnel,  the  cock  a.  being  left  open,  and  c.  shut.  By 
means  of  a  horizontal  pipe,  the  apenure  a,  is  connected 
with  u.  of  the  gazometer.  The  cock  b,  being  shut,  a.  and 
c.  are  opened,  and  the  vessel  c.  of  the  gazometer,  fig.  35. 
gently  pressed  downwards  with  the  hand.  The  gas  then 
descends  from  the  gazometer  till  the  air-holder  is  full, 
which  may  bb  known  liy  the  water  ceasing  to  escape 
through  the  cock  (-.     All  the  cocks  are  then  to  be  s' 
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and  the  vesseb  disunited.  To  apply  this  gas  to  any  pur- 
pose,  an  empty  bladder  nury  be  screwed  on  a. ;  and  water 
being  poured  through  the  funnel  b.y  a  corre^nding  quan- 
tity of  gas  is  forced  into  the  bladder.  By  lengthening  the 
pipe  b*  the  pressure  of  a  column  of  water  may  be  added ; 
and  die  gas  being  forced  through  a.  with  considerable  ve* 
locity,  may  be  applied  to  the  purpose  of  a  blow-pipe,  Sec. 

The  gazometer,  (N.  14.)  already  described,  is  fitted 
only  for  the  reception  of  gases  that  are  confinable  by  wa- 
ter ;  because  quicksilver  would  act  on  the  tinning  and  solder 
of  the  vessel,  and  would  not  only  be  spoiled  itself,  but 
would  destroy  the  apparatus.  Yet  an  instrument  of  this 
kind,  in  which  mercury  can  be  employed*  is  peculiarly  de- 
sirable, on  account  of  the  great  weight  of  thstt  fluid ;  and 
two  varieties  of  the  mercurial  gazometer  have  therefore 
been  invented.  The  one,  of  glass,  is  the  contrivartcc  of 
Mr.  Clayfield,  and  may  be  seen  repre  jented  in  the  plate 
prefixed  to  Mr.  Davy's  Researches.  In  the  other,  invent- 
ed  by  Mr.  Pepys,  uie  cistern  for  the  mercury  is  of  cast 
iron.  A  drawing  and  representation  of  it  may  be  found 
in  die  5th  Vol.  of  the  Philosophical  Magazine  ;  but  as 
neither  of  these  instruments;  are  essential  to  the  chemical 
student,  and  as  they  are  required  only  in  experiments  of 
research,  I  deem  it  sufficient  to  refer  to  the  minute  des- 
cripdons  of  their  respective  inventors. 

For  diose  gases  that  are  absorbed  by  water,  a  mercurial 
trough  b  necessary.  For  the  mere  exhibition  of  a  few 
experiments  on  these  condensible  gases,  a  small  wooden 
trough,  11  inches  long,  2  wide,  and  2  deep,  cut  out  of  a 
solid  block  of  mahogany,  is  sufficient ;  but  for  experi- 
ments of  research,  one  of  considerable  size  is  required. 
See  Plate  III.  fig.  31.  ff. 

Previously  to  undertaking  experiments  on  other  gases, 
it  may  be  well  for  an  unpractised  experimentalist  to  ac- 
custom himself  to  the  dexterous  management  of  gases,  by 
transferring  common  air  from  one  vessel  to  another  of  dif- 
ferent sizes. 

1.  When  a  glass  jar,  closed  at  one  end,  is  filled  with 
water,  and  held,  with  its  mouth  downwards,  ia  however 

•  Deiaiptiobi and  figures  of  improved  ga^holih'rs  war  be  fccn  in  the 
the  I3c]i  VoL  of  the  PhilotophJcal  Magazine. 
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small  a  quantity  of  water,  the  fluid  is  retained  in  ita  placf  I 
by  the  pressure  of  the  atmosphere  on  the  surface  of  lh|^  I 
exterior  water.     Fill  in  ihts  manner,  and  invert,  on  th^^f 
shelf  pf  ihe  pneumatic  trough,  one  of  the  jars,  which  tb 
furnishtd  with  a  stop ptr  (fig.  23.)     The  water  will  remu 
in  the  jar  so  long  as  the  stopper  is  closed  ;  but  imoDed^  __ 
alely  on  removing  it,  the  water  will  descend  to  the  same 
level  within  as  without ;  for  it  is  now  pressed  equally,  up-  '  ■ 
wards  and  downwards,  by  the  atmosphere,  and  falls  there- 
fore in  consequence  of  its  own  gravity. 

2.  Place  the  jar,  filled  with  water  and  inverted,  over 
one  of  the  f\iniicb  of  the  shelf  of  the  pneumatic  trough. 
Then  take  anojier  jar,  filled  (as  it  will  be  of  course)  with 
atmospherical  air.  Place  the  latter  with  its  mouth  on  the 
surface  of  the  water  ;  and  on  pressing  it  in  the  same  po- 
sition below  the  surface,  the  included  air  will  remain  in  its 
situation.  Bring  the  mouth  of  the  jar  beneath  the  fun- 
nel in  the  shelf,  and  incline  it  gradually.  The  air  will  now 
rise  in  bubbles,  through  the  funnel,  into  the  upper  jar,  and 
will  expel  the  water  from  it  into  the  trough. 

3.  Let  one  of  the  jars,  provided  with  a  stop-cock  at  the 
top,  be  placed  full  of  air  on  the  shelf  of  the  trough. 
Screw  upon  it  anempt}  bladder  ;  open  the  communication 
between  the  jar  and  the  bladder,  and  press  the  former  into 
the  water.  The  air  will  then  pass  into  the  bladder,  tilt  it 
is  filled  ;  and  when  the  bladder  is  removed  from  the  jar, 
;md  a  pipe  screwed  upon  it,  the  air  may  be  again  trans- 
ferred into  ajar  inverted  in  water. 

4.  For  the  purpose  of  transferring  gases  from  a  wide 
vessel  standing  over  water,  into  a  small  tube  filled  with 
and  inxeited  in  incrcurv,  I  have  long  used  the  following 
coutriviince  of  Mr.  Cavendish.  A  tube,  eight  or  ten  inches 
long,  and  ol  verv  small  diameter,  is  drawn  out  to  a  fine 
hore,  and  bent  at  one  end,  so  as  to  resemble  the  italic  let- 
ter /.  The  point  is  then  immersed  in  quicksilver,  which 
is  drawn  into  the  tube  till  it  is  filled,  by  the  action  of  the 
mouth.  Placing  the  finger  over  the  aperture  at  the  straight 
end,  the  lube  is  next  conveyed  through  the  water,  with  the 
bent  end  uppermost,  into  an  inverted  jar  of  gas.  When 
the  finger  is  remo\ed,  the  quicksilver  falls  from  the  tube 
into  the  trough,  or  into  a  cup  placed  to  receive  it,  and  the 
tube  is  filled  with  the  gas.  The  whole  of  the  quicksilver, 
however,  must  not  be  allowed  to  escape  ;  but  a  column  . 
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must  be  left  three  or  four  inches  long,  and  must  be  kept 
in  its  place  by  the  finger.  Remove  the  tube  from  the 
water ;  let  an  assistant  dry  it  with  blotting  paper ;  and  in- 
troduce the  point  of  the  bent  end  into  the  apertiu-e  of  the 
tube  standing  over  quicksilver.  On  withdrawing  the  fin- 
ger from  that  aperture  which  is  now  uppermost,  die  pres- 
sure of  the  column  of  quicksilver,  added  to  the  weight  of 
the  atmosphere,  will  force  the  gas  from  the  bent  tube  in- 
to the  one  standing  in  the  mercurial  trough. 

On  every  occasion,  when  it  is  necessary  to  observe  the 
precise  quantity  of  gas,  at  the  commencement  and  close 
of  an  experiment,  it  is  essential,  that  the  barometer  and 
thermometer  should  exacUy  correspond  at  both  periods. 
An  increased  temperature,  or  a  fall  of  the  barometer,  aug- 
ments the  apparent  quantity  of  gas ;  and  a  reduced  tem- 
perature, or  a  higher  barometer,  diminishes  its  bulk.  Ano- 
ther circumstance,  an  attention  to  which  is  indispensable 
in  all  accurate  experiments,  is  that  the  surface  of  the  fluids 
by  which  the  gas  is  confined,  should  be  precisely  at  the 
same  level  within  and  without  the  jar.  If  the  fluid  be 
Ugher  within  the  jar,  the  contained  gas  will  be  under  a 
less  pressure  than  that  of  the  atmosphere,  the  weight  of 
which  is  counterpoised  by  that  of  the  column  of  fluid  with- 
in. In  mercury,  this  source  of  error  is  of  very  consider^ 
able  amount ;  as  any  person  m,zy  be  satisfied  by  pressing 
down,  into  quicksilver,  a  tube  partly  filled  with  that  fluid, 
and  pardy  with  air,  for  the  volume  of  the  air  will  gradually 
decrease,  the  deeper  the  tube  is  immersed.  As  it  is  not 
always  possible,  when  a  tube  is  of  considerable  length,  to 
depress  it  so  far  into  quicksilver,  as  to  equalize  die  two 
levels,  the  following  rule  will  be  found  useful  for  estima- 
ting the  real  from  the  apparent  quantity. 

Suppose  a  glass  tube  a.  c.  (plate  II.  fig.  27.)  closed  at 
one  end,  and  inverted  in  quicksilver,  to  be  filled  with  that 
fluid  to  ^.,  and  above  ^•,  with  any  gas.  Let  the  length  of 
the  column  of  air  a*  b,  be  eight  inches,  and  that  of  quick- 
silver bm  c.  seven  inches.  To  ascertain  what  space  the  co- 
lumn of  gas  would  occupy  if  b.  were  level  with  die  surface 
of  the  quicksilver  in  the  basin  at  c,  subtract  the  height  b. 
c.  (8.)  from  the  height  of  the  barometer  at  the  time  of  the 
experiment  (say  28.)  ;  multiply  the  remainder  (20.)  by  a. 
b,  (7.)  ;  divide  the  product  (140.)  by  the  actual  barome- 
trical height  (28.),  and  the  quodent  (5.)  is  the  answer.     If 
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the  tube  be  standing  in  water,  the  computation  13  the  s: 
excepting  only,  thut  instead  of  twenty-eight  inches,  the 
height  of  a  mercurial  barometer,  we  must  take  fouilcen 
times  twenty-eight,  or  fourteen  times  the  barometrical 
height  at  the  time,  which  will  give  the  height  of  a  water- 
barometer. 

1  he  reader  may  consult  a  paper  by  Mr.  Davy  on  this 
subject,  in  Nicholson's  8vo.  Journal,  Vol.  IV.  p.  32.  j  and, 
in  the  Appendixto  Mr.  Kirwan's  work  on  Mineral  Waters, 
copious  tables  are  gi^'cn,  to  save  the  trouble  of  calculation, 
in  which  the  apparent  is  reduced  to  the  actual  bulk,  in  a 
great  %ariety  of  examples. 

Of  experiments  illustrative  of  the  nature  of  gases  in  ge- 
neral, it  may  be  proper  to  mention  one  or  two,  that  show 
the  mode  in  which  caloric  exists  in  this  class  of  bodies.  la 
vapours,  strictly  so  called,  as  the  steam  of  water,  caloric 
seems  to  be  retained  with  but  litde  force  ;  for  it  quits  the 
water  when  the  vapour  is  merely  exposed  to  a  lower  tem- 
perature. But,  in  gases,  caloric  is  united  by  very  forcible 
affinity,  and  no  diminution  of  temperature,  that  has  ever 
yet  been  effected,  can  separate  it  from  some  of  them. 
Thus  the  air  of  our  atmosphere,  in  the  most  intense  arti- 
ficial  or  natural  cold,  still  remains  in  the  aiiriform  state. 
Hence  is  derived  one  character  of  gases,  viz.  that  they  re- 
main ai-riform  under  almost  all  variations  of  pressure  and 
temperature  ;  and  in  this  class  are  also  included  those 
aerial  boiUes,  which,  being  condensed  by  water,  require 
confinement  over  mercurj*.  The  following  experiment 
will  show,  that  the  caloric,  contained  in  gases,  is  chemi- 
cally combined. 

Into  a  snaiiii  retort,  (plate  II.  fig.  26.  /'.)  put  an  ounce  or 
twoof  we|1-Jii'.-d  common  salt,  and  about  half  its  weight 
of  sulphuric  acid.  By  this  process,  a  great  quantity  ofgaa 
is  produced,  which  might  be  received  and  collected  over 
nurturv.  But,  to  serve  the  purpose  of  this  experiment, 
let  it  pobs  through  a  glass  balloon,  c,  havingthree  openings, 
ir.ro  one  of  which  the  neck  of  die  retort  passes,  while,  from 
the  lAhcr,  a  lube  c  proceed;!,  which  ends  in  a  vessel  of  wa- 
ter, Jl  Refnre  closing  the  apparatus,  let  a  thermometer*/, 
be  included  in  the  Uilluoii,  to  show  the  temperature  of  the 
g?s.  It  will  be  found,  that  the  mercury,  in  this  thermo- 
mtler,  nill  ris'.'  unly  a  few  iljgrccs,  whereas  the  water,  in 
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the  vessel  which  receives  the  bent  tube,  will  sewn  become 
boiling  hot.  In  this  instance,  caloric  flows  from  the  bmp 
to  the  muriatic  acid,  and  converts  it  into  gas;  but  the  heat, 
thus  expended,  is  not  appredaUe  by  the  tibermometer,  and 
must,  merefore,  be  chemically  combined.  The  caloric, 
however,  is  again  evolved,  when  the  gas  is  condensed  by 
water;  and,  in  this  experiment,  we  trace  it  into  combina- 
tion, and  again  into  the  state  of  uncombined  caloric 

For  demonstrating  the  influence  of  variations  of  atmos- 
pheric pressure  on  the  formauon  of  gases,  better  experi- 
ments cannot  be  devised  than  those  of  Lavoisier. — See  his 
Elements,  chap.  1.  But  as  some  students,  who  have  the 
use  of  an  air-pump,  may  not  possess  the  apparatus  de- 
scribed by  Lavoisier,  (the  glass-bell  and  stiding-wire)  it 
may  be  proper  to  point  out  an  easier  mode  of  showing  the 
same  fact.  This  proof  is  fiimished  by  the  experiment  de- 
scribed page  40.,  in  which  ether  is  made  to  assume  alter- 
nately an  aeriform  and  liquid  state,  by  removing  and  re- 
storing the  pressure  of  the  atmosphere. 


SECT.  II. 
Oxygen  Gas. 

I.  Oxygen  gas  may  be  procured  from  various  substances. 

1.  From  the  black  Qxid^  of  manganese,  heated  to  red- 
ness in  a  gun-barrel,  or  in  an  iron  or  earthen  retort ;  or, 
from  the  same  oxide,  heated  by  a  lamp  in  a  retort  or  gas 
botde,  with  half  its  weight  of  strong  sulphuric  acid. 

2.  From  the  red  oxide  of  lead,  (the  common  red-lead 
\ised  by  pmnters,)  heated  either  with  or  without  sulphuric 
acid. 

3.  From  various  other  oxides,  as  will  be  hereafter  men- 
tioned. 

4p.  From  nitrate  of  potash  (common  saltpetre)  made  red- 
hot  in  a  gun  barrel,  or  in  an  earthen  retort. 

5.  From  oxygenized  muriate  of  potash,  heated  in  a 
small  glass  retort,  over  an  Argand*s  lamp.  The  oxygen 
gas  thus  produced,  is  much  purer  dian  diat  obtained  in 
any  other  mode,  especially  the  last  portions,  which  should 
be  kept  separate. 


II.  This  gas  has  the  following  properties  : 

1.  /( in  not  absorbed  in/  water;  or,  at  least,  is  so  sparing- 
ly absarbed,  thai,  when  agitated  in  contact  with  water,  no 
perceptible  dimiauiioD  takes  place. 

3.  All  combustible  bodies  burn  in  oxifgen  gas  viith  greatly 
increawd  uplendour. 

('I.)  A  lighted  wax-taper,  fixed  lo  an  iron  wire,  and  let 
down  into  a  vessel  of  this  gas,  burns  wiih  great  brilliancy, 
plate  IV.  fig.  38.  If  the  l;ipi;r  be  blown  out,  and  let  down 
into  a  vessel  of  the  gas  while  the  suufl'  remains  red-hot,  it 
instantly  rekindles,  with  a  slight  explosion. 

f6.)  A  red-hot  bit  of  charcoal,  fastened  to  a  copper  wire, 
and  immersed  in  tlie  gas,  throws  out  beautiful  sparks. 

^c.)  The  light  of  phosphorus,  burnt  in  this  gas,  is  the 
brightest  that  can  be  in  any  mode  produced.  Let  the 
phosphorus  be  placed  in  a  small  hemispherical  tin  cup, 
which  may  be  raised  by  means  of  the  wire-stand,  plate  ii. 
fig.  25.,  two  or  three  inches  above  the  surface  of  wa- 
ter contained  in  a  broad  shallow  dish.  Fill  a  bclUsha- 
ped  receiver,  having  an  open  neck  at  the  top,  to  which  a 
compressed  bladder  is  firmly  tied,  with  oxygen  gas;  and, 
as  it  stands  inverted  in  water,  press  a  circular  piece  of 
pasteboard,  rather  exceeding  the  jar  in  diameter,  over  its 
mouth.  When  an  assistant  has  set  fire  to  the  phosphorus, 
cover  it  instandy  with  the  jar  of  ox)g,n  gas,  retaining  the 
l^xstcboard  in  its  place,  till  the  jar  is  uumediately  over  the 
cup.  When  this  has  been  skilfully  managed,  a  very  small 
portion  otily  of  tbrgiis  will  escape;  and  the  inflammation 
of  the  phosphorus  will  be  extremely  brilliant.  The  ex- 
panded giiH  rises  into  the  flaccid  bladder,  and  is  thus  pre- 
vented from  escaping  into  the  room,  and  proving  disa* 
greesble  by  its  suffocating  smell. 

(d)  SubsHtute,  for  the  phosphorus  in  Experiment  c,  a 
small  b:Ul  formed  of  turnings  of  zinc,  and  in  which  about 
H  grain  of  phosphorus  is  inclostd.  Set  fire  to  the  phos- 
phorus,  and  cover  il  expeditiously  with  the  jar  of  oxygen. 
The  zinc  will  be  inflamed,  and  will  burn  with  a  beautiful 
white  light.  A  similar  experiment  may  be  made  with 
metallic  arsenic,  which  may  be  moistened  with  spirit  of 
turpentine.  The  filings  of  various  metals  mav  also  be  in- 
flamed, by  placing  them  in  a  small  cavity,  formed  in  a 
piece  of  charcoal,  igniting  the  charcoal,  and  blowing  B 
the  part  containing  the  metal  a  stream  of  oxygen  gits. 
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(e)  Procure  some  thin  harpsichord  wire,  and  twist  it 
round  a  slender  rod  of  iron  or  glass,  so  as  to  coil  it  up  in 
a  spiral  form.  Then  withdraw  the  rod,  and  tie  a  litde 
thread  or  flax  round  one  end  oi  the  wire,  for  about  one- 
twentieth  of  an  inch  ;  which  end  is  to  be  dipped  into  melt- 
ed sulphur.  The  other  end  of  the  wire  is  to  Ix:  fixed  into  a 
cork  ;  so  that  the  spiral  may  hang  vertically*  Fill,  also, 
with  oxygen  gas,  a  bottle  capable  of  holding  about  a 
quart,  and  set  it  with  its  mouth  upwards.  Then  light  the 
sulphur,  and  introduce  the  wire  into  die  bottle  of  gas,  sus- 
pending it  by  the  cork.  The  iron  will  burn  with  a  most 
brilliant  light,  throwing  out  a  number  of  sparks,  which 
fall  to  the  bottom  of  the  bottle,  and  generally  break  it. 
Thi^  accident,  however,  may  frequently  be  prevented  by 
pouring  sand  into  the  botde,  so  as  to  lie  about  half  an 
inch  deep  on  the  bottom  (see  plate  iv.  fig.  39.).  Accord- 
ing to  Mr.  Accum,  (Nicholson^s  Journal,  8vo.  i.  320.)  a 
thick  piece  of  iron  or  steel,  such  as  a  file,  if  made  sharp 
pointed,  may  be  burnt  in  oxygen  gas.  A  small  bit  of 
wood  is  to  be  stuck  upon  its  extremity,  and  set  on  fire, 
previously  to  immersion  in  the  gas. 

(J)  A  little  of  Romberg's  pyrophorus,  a  substance  to  be 
hereafter  described,  when  poured  into  this  gas,  imme- 
diately flashes  like  inflamed  gun-powder. 

III.  During  every  combustion  in  oxygen  gas^  thegaa  suf- 
fers a  mat eriai diminution. — ^To  exhibit  diis,  experimentally, 
in  a  manner  perfectly  free  from  all  sources  of  error,  would 
require  such  an  apparatus  as  few  persons  are  likely  to  pos- 
sess. The  apparatus  required  may  be  seen  described  in 
the  6th  chapter  of  Lavoisier's  Elements.  The  fact  may, 
however,  be  shewn,  less  accurately,  in  the  following  Ikian- 
ner :  Fill,  with  oxygen  gas,  a  jar,  of  moderate  size,  which 
has  a  neck  and  ground-glass  stopper  at  the  top.  Then, 
with  the  assistance  of  a  stand,  formed  of  bent  iro»*wiFe, 
(plate  ii*  fig.25.)  place  a  shallow  tin  vessel,  containing  a 
bit  of  phosphorus  or  sulphur,  three  or  four  inches  above 
the  level  of  the  water  of  a  pneumadc  trough.  Invert  the 
jar  of  oxygen  gas,  cautiously  and  expeditiously,  over  this 
cup,  so  as  to  confine  it,  with  its  contents,  in  the  gas,  and, 
pressing  down  the  jar  to  the  bottom  of  the  trough,  open 
the  stopper.  A  quantity  of  gas  will  immediately  rush  out, 
and  the  water  will  rise  to  the  same  level  within  the  jar  as 
without.     When  this  has  taken  place,  set  fire  to  the  sul- 
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phur  or  phosphorus  by  an  iron  wire,  and  instantly  put  in 
the  stopper.  The  brst  eflcctofthe  combustioa  wiU  he  a 
depression  of  the  water  within  the  jar ;  but  when  the  com- 
bustion has  dosed,  and  the  vessel  has  cooled,  a  consider- 
able absorption  will  be  found  to  have  ensued. 

Those  persons  ivho  are  possessed  of  a  mercurial  appara- 
tus may  repeat  this  experiment  in  a  less  exceptionable 
manner.  On  the  surface  of  the  quicksilver  let  a  small 
hemispherical  cup  float,  made  of  untinned  sheet-iron  ; 
and,  in  order  to  keep  it  from  the  sides  of  the  jar,  it  may 
iL'St  on  a  wire-stand,  shaped  liked  the  figure  43.  plate  iv. 
Let  a  jar,  the  height  and  diameter  of  which  must  be  re- 
gulated by  the  size  of  the  mercurial  trough,  be  filled  with 
oxygen  gas  over  water,  and  be  removed,  by  means  of  a 
piece  of  pasteboard,  as  before  described,  to  the  mercurial 
bath,  inverting  it  dexterously  over  the  tin  cup.  If  the 
phosphorus  had  been  previously  set  on  fire,  a  large  quan- 
tity of  the  gas,  expanded  by  the  heat,  would  have  esca- 
ped, and  would  have  prevented  the  accurate  measiu'ement 
of  the  absorption.  After  drj  ing  the  surface  of  the  mer- 
cury within  the  jar  by  blotting  paper,  a  portion  of  the  in- 
cluded gas  must,  therefore,  be  removed.  This  is  done  by 
an  inverted  sj-phon,  one  leg  of  which  is  to  be  introduced 
within  the  jar;  and  the  gas  will  be  forced  through  the 
open  extremity  of  the  other,  when  the  jar  is  pressed  down 
into  the  quicksilver.  When  the  proper  quantity  has  been 
expelled,  remove  the  syphon.  The  cup,  containing  the 
phosphorus,  will  thus  be  placed  on  the  surface  of  the 
quicksilver  within  the  jar,  and  above  the  level  of  the  mer- 
cury without.  The  phosphorus  is  to  be  inflamed  by  pass- 
ing a  crooked  iron  wire  through  the  quicksilver.  On  the 
first  impression  of  the  heat  arising  from  its  combustion, 
the  included  gas  will  be  considerably  expanded  )  but  when 
the  phosphorus  has  ceased  to  biu'n,  a  considerable  ab- 
sorption will  be  found  to  haie  taken  place,  the  amount  of 
which  may  be  measured  by  ascertaining  the  height  of  the 
quicksilver  within  the  jar,  before  and  after  the  experi- 
ment. The  quantity  of  phosjihorus  employed  should  be 
very  small,  and  should  not  bear  a  greater  proportion  than 
that  of  ten  grains  to  each  pint  of  gas;  otherwise  the  com- 
bustion will  go  on  so  far  as  to  endanger  the  breaking  of 
the  jar,  by  the  approach  of  the  inflamed  phosphorus- 
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In  this  process,  a  white  dense  vapour  is  produced,  which 
concretes  on  the  inner  surface  of  the  jar  in  flakes.  This 
substance  has  strongly  acid  properties ;  and,  being  formed 
bv  the  union  of  oxygen  with  phosphorus,  is  termed  the 
phosphoric  acid. 

The  diminution  of  the  volume  of  oxygen  gas,  by  the 
combustion  of  other  bodies,  may  be  ascertained  in  a  simi- 
lar manner.  When  the  substance  employed  is  not  easily 
set  on  fire,  it  is  proper  to  enclose,  along,  and  in  contact 
with  it,  a  small  bit  of  phosphorus,  the  combusUon  of  which 
excites  sufficient  heat  to  inflame  iron-turnings,  charcoal, 
fcc  In  the  instance  of  charcoal,  however,  though  that 
substance  undergoes  combustion,  no  absorption  ensues  ; 
because,  as  will  appear  in  the  sequel,  the  product  is  a  gas, 
occupying  very  nearly  the  same  bulk  as  the  oxygen  gas 
submitted  to  experiment. 

IV.  All  bodies^  by  combustion  in  oxygen  gaSy  acquire  an 
addition  to  their  weight  ;  and  the  increase  is  in  proportion 
to  the  quantity  of  gas  absorbed. — To  prove  this  by  experi- 
ment, requires  also  a  complicated  apparatus. 

But  sufficient  evidence  of  this  fact  may  be  obtained  by 
die  following  very  simple  experiment.  Fill  the  bowl  of  a 
tobacco  pipe  with  iron  wire  coiled  spirally,  and  of  known 
weight :  Let  the  end  of  the  pipe  be  slipped  into  a  brass 
tube,  which  is  screwed  to  a  bladder  filled  with  oxygen  gas : 
Heat  the  bowl  of  the  pipe,  and  its  contents,  to  redness  in 
die  fire,  and  then  fierce  through  it  a  stream  of  oxygen  gas 
from  the  bladder.  The  iron  wire  will  bum  ;  will  be  ra- 
pidly oxydized ;  and  will  be  found,  when  weighed,  to  be 
considerably  heavier  than  before.  When  completely  oxy- 
dized in  this  mode,  100  parts  of  iron-wire  gain  an  addition 
of  about  30.  The  qualities  of  the  iron,  also,  are  entirely 
dianged  ;  and  it  is  converted  from  a  tough  metal,  into  a 
brittle  substance,  which  may  be  reduced  to  powder,  is  des- 
titute of  acid  properties,  and  which  is  termed  an  oxide. 

V.  Every  substance,  capable  of  union  with  oxygen,  af- 
fords, by  combustion,  either  an  oxide  or  an  acid ;  and  this 
difference  of  the  product  is  the  foundation  of  an  arrange- 
ment of  combustible  bodies  into  the  two  comprehensive 
orders  of  oxydizable  and  acidifiable  bases.  Several  bodies, 
however,  are  susceptible  of  both  these  changes  ;  and  yield, 
by  combustion,  compounds  possessing  the  properties  of 
ondes  or  of  acids,  according  to  the  quantity-  of  oxygen 
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combm(;d  willi  d)em ;  the  highest  state  of  oxygenatioB> 
imp.ining  the  characters  of  an  acid,  and  an  interior  de- 
gree converting  them  into  oxides. 

VI.  Oxygen  gan  supporln,  eminently,  animal  life. — 1| 
will  be  found  that  a  mouse,  bird,  or  other  small  animal^ 
will  live  six  limes  longer  in  a  vessel  of  oxygen  gas,  than  * 
one  of  atmospherical  air  of  the  same  dimensions. 

VII.  This  effect  seems  connected  with  the  abiorptioa  oi 
oxygen  by  tliebkad. — Pass  up  a  little  dark-coli>urcd  blooi 
into  a  jar  partly  filled  with  oxygen  gas,  and  standing  over 
mercuT^'.  The  gas  will  be  in  part  absorbed,  and  the  co- 
lomr  of  the  bltwd  will  be  changed  to  a  bright  apd  florid 
red.  This  change  to  red  may  be  shewn,  by  putting  a  little 
blood  into  a  common  vial  (iilcd  with  oxygen  gas,  and  shak* 
ing  it  up. 


SECT.  III. 
Azotic  or  Nitrogen  Gas. 


1.  Azotic  gas  may  be  procured,  though  not  ab^olutel 
pure,  yet  sufficiently  so  for  the  purpose  of  exhibiting  its 
general  properties,  in  any  of  the  following  manners  :  1. 
Mix  equal  weights  of  iron  filings  and  sulphur  into  a  paste 
with  water,  and  place  the  mixture,  in  a  proper  vessel,  over 
water,  supported  on  a  stand  :  Then  invert  o%'er  it  a  jar,  full 
of  common  air,  and  allow  this  to  stand  exposed  lo  the 
mixture  for  a  day  or  two.  The  air  contained  in  the  jar 
will  gmdually  diminish,  as  will  appear  from  the  ascent  of 
the  water  within  ihe  Jar,  till  at  last  only  about  3-4ths  of  its 
original  bulk  will  remain.  The  vessel  containing  the  ii 
and  sulphur  must  next  be  removed,  by  withdrawing  itrj 
ibrough  the  water  ;  and  the  remaining  air  may  be 
die  subject  of  experiment. 

2.  A  quicker  pi-ocess,  for  procuring  azotic  gas,  cnnsisi 
in  filling  a  bottle,  about  one-fourth,  with  the  solution  of 
nitrous  gas,  in  liquid  sulphate  of  iron,  and  agitating  it  with 
the  air  which  fills  the  rest  of  the  bottle.  During  the  agi- 
tation, the  thumb  must  be  firmly  placed  over  the  mouth  of 
the  bottle  ;  and,  when  removed,  the  moutli  of  the  bottle 
must  be  immersed  in  a  cup  full  of  the  same  solution,  whii.h 
V  ill  supply  the  place  of  the  absorbed  air. 
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3.  AtmoBpheric  iir,  also,  in  which  phosphorus  has  burn- 
ed out,  affords,  when  time  has  been  allowed  for  die  ooOf^ 
densation  of  die  phosphoric  acid,  tolerably  pure  a2odc 
gas. 

This  gas  has  die  following  properties  : 

1.  It  is  not  absorbed  by  water. 

8.  It  immediately  extinguishes  a  lighted  candle,  and  all 
other  burning  substances. 

Even  phosphorus,  in  a  state  of  acdve  inflammation,  is 
immedid^ly  eHinguished  when  immersed  in  azodc  gas. 
This  b  best  shewn  by  placing  the  burning  phosphorus  in  a 
tin  cup;  raised  by  a  stand  above  the  surface  of  the  water, 
and  quickly  inverting  over  it  ajar  filled  with  azotic  gas. 

3.  It  is  fatal  to  animals  that  are  confined  in  it. 

4.  When  mixed  with  pure  oxygen  gas,  in  the  propor- 
don  <rf  four  parts  to  one  of  the  latter,  it  composes  a  nm* 
ture  resembling  atmospheric  air  in  all  its  properties.  Of 
this  anyone  may  be  satisfied,  by  mixing  four  parts  of  azo- 
tic gas  with  one  of  oxygen  gas,  and  immersing,  in  the 
mixture,  a  fighted  taper.  The  taper  will  burn  as  in  at- 
mospherical air. 


SECT»  IV. 

Atmospheric  Air* 

The  air  of  our  atmosphere,  it  appears,  therefore,  fiops 
the  foregoing  facts,  is  a  nuxture,  or  probably  a  coratmia- 
tion  of  two  different  g^es,  viz.  oxygen  gas  and  aaoticna. 
The  former  of  diese  two  seems  to  be  the  only  ingredient 
on  which  the  efiects  of  ^the  air,  as  a  chemical  agent,  de- 
pend. Hence  combustible  bodies  bum  in  atmospheric  sur, 
only  in  consequence  of  the  oxygen  gas  which  it  contuns ; 
and  when  this  is  exhausted,  air  is  no  longer  capable  of 
supporting  combustion.^  The  abstraction  of  its  oxygen 
gas  fipom  the  air  will  be  rendered  apparent  by  the  follow- 
ing experiments : 

*  Catain  comlwutiMc  bodies  even  ceaie  to  burn  in  atnuMpberic  air, 
loof  before  its  oiygtnoot  ptitioo  is  consumed,  for  reasons  that  will  here- 
after be  gitcs. 
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I.  Burn  a  little  sulphur  or  phosphorus,  in  the  manner' 
describtrd,  Sect.  II.,  substituting  for  oxygen  gas  comi 
atmospherical  air.     The  comhustion  will,  in  this  InGtani 
be  less  vivid;  will  cease  sooner  ;  and  the  abaorpti 
the   vessels  have   cooled,  will  be   much  less  considerable 
than  in  the  former  case. 

The  phosphorus,  however,  will  have  absorbed  the  whole 
of  the  oxvgen  gas  contained  in  the  air  submitted  to  expe- 
riment i  and  hence  it  may  be  employed  for  measuring  the 
quantity  of  oxygen  gas  in  a  given  bulk  of  atmospherical 
air.  This  may  be  accomplished,  cither  by  its  slow  or 
pid  combustion.  BerthoUet  proposes  (34.  An.  Ch.  78.)  to 
expose  a  cylinder  of  phosphorus,  fastened  to  a  glass 
in  a  narrow  glass  vessel,  graduated  into  equal  parts, 
standing  full  of  air  over  water.  The  phosphorus  imme- 
diately begins  to  act  on  the  included  air  ;  and 
tight  hours  its  effect  is  completed.  The  residuary  azotic 
gas  has  its  bulk  enlarged  ^mut  one-fortieth,  b}-  absorbing 
a  little  phosphorus  ;  and,  for  this,  allowance  must  be  made 
in  measuring  the  diminution.  In  the  eudiometer  of  Se- 
guin,  the  mpid  combustion  of  phosphorus  is  employed 
with  the  same  view.  A  glass-tube,  open  at  one  end  only, 
about  an  inch  in  diameter,  and  eight  or  ten  high,  is  filled 
with,  and  inverted  in,  mercury.  A  small  bit  of  phospho- 
rus, dried  with  blotting  paper,  is  then  introduced,  and  by 
its  inferior  specific  gravity  rises  to  the  top  of  the  tube, 
where  it  is  melted,  by  bringing  a  red-hot  poker  near  to 
the  outer  surface  of  the  glass.  When  the  phosphorus  is 
liquefied,  a  nieasured  portion  of  the  air  to  be  examined  is 
admitted,  by  a  little  at  once,  into  the  tube.  The  phos- 
phorus inflames  at  each  addition,  and  the  mercury  rises. 
When  ail  the  air  under  examination  has  been  added,  the 
red-hot  poker  is  again  applied  to  ensure  the  completion  of 
the  process,  and  the  residuary  gas  is  tranferred  into  a 
graduated  measure,  where  its  bulk  is  carefully  ascertained. 
In  this  instance,  about  one-fortieth  the  volume  of  the  re- 
siduary gas  is  to  be  deducted  from  the  apparent  quantigr 
of  azotic  gas,  because,  in  this  case  also,  a  small  portion  q0 
phosphorus  is  dissolved  bv  the  latter,  and  occasions  a 
fling  expansion.  With  this  deduction,  atmospheric  aiir 
loses  pretty  accurately  21  parts  out  of  each  100 ;  and  coiw 
tains,  therefore,  21  jitr  cent,  of  oxvgeu,  and  79  of  azglfe* 
by 
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II.  The  inferior  fitness  of  atfnospherical  sur,  to  that  of 
oxygen  gas^  for  supporting  combustion,  may  be  shewn, 
aisio,  by  a  comparative  experiment  with  two  candles.  Pro- 
vide two  circular  pieces  of  lead,  diree  inches  diameter, 
and  half-an-inch  thick,  from  the  centre  of  each  of  which 

Croceeds  a  perpendicular  iron  wire,  six  or  eight  inches 
igh  ;  to  the  end  of  both  wires  fasten  a  piece  of  wax  ta« 
pen  Provide  also  two  jars,  each  two  inches  diameter,  and 
twelve  long,  and  having  a  neck  at  the  top,  with'  a  com-' 
pressed  bladder  tied  upon  it.  Fill  one  of  the  jars,  leaving 
the  bladder  empty,  with  oxygen  gas  ;  and,  at  the  same  in- 
stant, with  the  aid  of  an  assistant,  invert  bodi  jars  over 
die  burning  candles,  kee^mig  the  oxygen  gas  in  its  place 
till  the  jar  is  inverted,  by  a  piece  of  pasteboard*  In  the 
common  air,  the  candle  will  soon  be  extinguished  ;  but 
that  confined  in  oxygen  gas  will  bum  with  much  greater 
splendour,  and  will  continue  burning  long  after  the  other 
18  extinguished.  On  the  first  impression  of  the  flame,  » 
quantity  of  expanded  gas  will  rise  into  each  bladder, 
which  IS  to  be  pressed  out  at  the  close  of  the  experiment, 
in  order  that  the  absorption  may  be  compared  in  both 
cases.  The  diminution  in  the  jar  of  oxygen  gas  will  be 
found  greatly  to  exceed  that  of  the  common  air. 

III.  Take  two  tubes,  each  a  few  inches  long,  closed  at 
one  end,  and  divided  into  100  aliquot  parts.  Fill  tiie  one 
with  atmospherical  air,  the  other  with  oxygen  gas,  and 
invert  them  in  two  separate  cups  filled  with  a  solution  of 
sulphuret  of  potash.  The  sulphuret  will  ascend  gradually 
widiin  the  tube  of  common  air,  till,  after  a  few  days,  only 
about  four-fifths  of  its  original  volume  will  remain  ;  but, 
in  that  containing  oxygen,  it  will  ascend  much  higher, 
and,  if  the  gas  be  pure,  will  even  absorb  the  whole.  The 
e^lanation  of  this  fact  is,  that  liquid  sulphuret  of  potash 
has  the  property  of  absorbing  oxygen,  but  not  azote.  It 
therefore  acts  on  atmospheric  air  only  as  long  as  any  oxy- 
gen gas  remains,  and  may  be  employed  as  a  means  of  as- 
certaining the  quantity  of  this  gas  in  the  atmosphere  at 
different  times,  and  in  distant  places.  An  imptx>ved  in- 
strument, thus  graduated,  has  lately  been  employed  by 
Guyton  as  an  Eudiometer^*  (see  Nicholson's  Philosophical 
Journal,  Vol.  I.  p.  268. ;  or  Tilloch's  Philosophical  Maga- 

*  Other  Eadiometcn  will  be  defcribed  hereafter. 


zinp.  Vol.  III.  p.  171.)  But  an  apparatus  of  much  g 
cr  simplicit}',  and  fitcllity  of  application,  is  that  ot  Profes- 
sor Hope  of  Edinburgh,  announced  in  Nicholson's  Jouiv 
nil.  XV.  310.  It  consists  of  a  Boiall  bottle,  of  the  capS'^  ' 
city  of  20  01"  34  drachms  (fig.  AC' pi.  ii.,)  destined  to  con. 
tain  the  eudiometric  liquid,  and  having  a  amall  stopper  at 
i.  Into  the  neck  of  the  hotdt:  a  tube  is  accurately  fitted, 
by  grinding,  which  holds  jirecisely  a  cubic  inch,  and  is 
divided  into  100  equal  parts.  To  use  the  apparatus,  the 
botde  ia  hrst  filled  with  the  liquid  employed,  which  is 
beat  piepared  by  ImiUng  a  mixture  of  quicklime  and  sul- 
phur with  water,  filtering  the  solution,  and  agitating  it  for 
some  time  in  a  bottle  hall-iiUed  widi  common  air.  The 
tube,  filled  with  the  gas  under  examination,  (or  with  at- 
mospherical air,  when  the  qualit}'  of  this  compound  is  to 
be  ascertained)  is  next  put  into  its  place  ;  and,  on  invert- 
ing the  instrument,  thtf  gas  ascends  into  the  bottle,  where 
it  is  brought  extensively  into  contact  with  the  liquid,  by 
brisk  agitation.  An  absorpUon  ensues ;  and,  to  supply  its 
place,  the  stopper  />  is  opened  under  water,  a  quantity  of 
which  rushes  into  the  botde.  The  stopper  is  replaced  un- 
der water  i  the  a^tation  renewed  ;  and  these  operations 
performed  alternately,  liU  no  farther  diminution  takes 
place.  The  tube  a  is  then  withdrawn,  the  neck  of  the  bot- 
tle being  under  water,  and  is  held  inverted  in  water  for  a 
few  minutes  ;  al  the  close  of  which  the  diminution  will 
be  apparent.  Its  amount  may  be  measured  by  the  gradu- 
ated scale  engraved  on  the  tube. 

IV.  Atmo-ipkcrie  air  ministem  to  tlie  suppoyt  of  animal 
life,onltf  in  conaeauence  of  the  et^gen  gat  which  it  eontaint. 
— Air,  after  havingbeeo  received  into  the  lungs, and  agaio 
expired,  is  found  to  have  lost  considerably  of  its  oxyge- 
nous part,  viz.  10  to  12  per  cent.  It  proves  fatal  to  aoi- 
mals,  however,  long  before  this  purer  portion  is  wholly 
exhausted  ;  and  hence  it  appears,  that  a  considerable  por* 
tioD  of  oxygen  gas  is  even  necessary  to  fit  die  air  for  sup- 
porting respiration.  As  the  analysis  of  expired  air  re* 
quires  an  acquaintance  with  another  gas,  not  hitherto  des- 
cribed, viz.  carbonic  acid,  iu  examination  will  be  post- 
poned to  a  future  occasion. 

V.  Atmospheric  air  is  diminished  in  volume  by  animal  re- 
tfiiration.—T\a&  nwy  be  shewn  by  repeating  a  very  simple 
experiment-  originally  contrived  by  Mayow.     He  confi- 
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a  mooK  m  m  mmaSk  gins  jv,  and  ded 
qwddy  ivd  finely,  wkk  flKMstcaed  hbddo.    Tk 
dbe  amnol  first  cxpideJ  die  air,  and  pfJufd  dir 
der  convex  cnitvaids,  but  when  die  aunial  had  died, 
had  b^^"— y  <yJd^  die  bladder  ^_  '^^'■^'f wd  a  I 
proviagdtttdieairwidiin  was  diaunished  in  its  balk. 
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nished  wkh  a  stop-cock,  and 

die  heat  of  the  anhnai,  however,  wooid 

pubioo  cf  pan  of  the  air,  ii 

SBig  the  jar  mo  water,  to  open  die  cwick^  thmi^glh 

a  part  of  die  air  will  escape:  The  cock  ia  then  to  be 

and  the  bdg^t  of  die  water  widanto  he 

At  first,  die  levd  ariD  be  depreaBed,  in 

expansion  of  the  air  by  the  wanndi  of  die 
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Lm  To  procure  hydrogeMgotj  kt  snlphnnc  acid,pfcvioQdr 
dtrated  widi  fiive  or  nx  fiwifs  its  WLigbt  of  waicr«  be  ponr* 
cd  on  iron  fihngs,  or  on  sasaD  iron  nails,  or 
Buhted  by  pouring  it  mdeed  into  cold  wascr, 
bottle  or  sinaB  retoft.  An  ejenrcacrncc  ariB 
die  eaosping  gss  majr  be  ooBected  in  the 

IL  InsgBshasdiefolowiagpropeitics: 

1.  .M  remmmo  ferwumemt  omer  wmUr^  or  k 
in  any  notable  proportion. 

%.  M  iM  mJUnmmaUe.  This  any  be  shewn  by  die  fel- 
kiwing  expei  iments : 

(a)  Fdl  asnafi  jarwhh  thegK,  sd,  hotfiayitwidi 
die  moudi  doamafards,  bring  the  gss  into  contact  widi  die 
flann  of  a  candle.  The  ab  wilta^fiaCyandwiBbitniM- 
temty  widi  a  tambeat  flame. 

(h)  Fin  widi  diis  gas  a  bladder  which  is  furnished  widi 
a  stop-cock,  and  wkh  a  smaD  pipe.  Was  dun 

that  of  a  oonunon  tobacco  pipe.    I 
the  pipe,  and,  onpitsentii 


tvill  taVe  fire.  If  lliis  apparatus  cannot  be  procured, 
ven' simple  contrivaocc  will  answer  the  purpose:  Break  offj 
part  ol'  nn  eiglit-ouncc  vial,  within  an  inch  or  two  froittf] 
the  bottom,  by  setting  fire  to  a  siring  tied  round  it.  and' 
moistened  with  spirit  of  turpentine.  The  vial  will  then 
resemble  a  jar  with  an  o]>en  neck  at  the  top-  Next  bore 
a  small  hole,  through  a  cork  that  fits  the  neck  of  the  \\a\, 
and  iDseri  in  it  part  of  a  common  tobacco  pipe,  which 
may  be  fixed  into  the  neck  of  the  bottle,  by  a  cement  of 
resin  and  bees-wax.  Then  fill  the  bottle  with  water,  and 
hold  it,  with  the  tliiimb  pressed  down  on  the  aperture  of 
the  pipe,  while  hydrogen  gas  is  passed  into  it.  When 
the  bottle  is  full  of  gas,  remove  the  thumb,  press  the 
botde  down  into  the  water,  and,  on  the  approach  of  v 
candle,  the  stream  of  air  from  the  pipe  will  take  fire. 

Persons,  who  are  provided  with  the  jars  represented 
plate  ii.  fig.  22.  a,  may  screw  to  the  cock  a  brass  pipe 
with  a  small  aperture.  On  pressing  the  jar,  filled  with 
hydrogen  gas,  into  the  water,  and  opening  the  cock,  the 
gas  will  be  forced  out  in  a  stream,  which  may  be  set  on 
lire.  On  this  principle  are  founded  the  artificial  fire-works 
without  smell  or  smoke.  They  consist  of  pipes,  having 
variously  sized  apertures,  some  of  which  have  a  rotatory 
motion;  but  their  precise  construction  it  is  impossible  to 
describe,  without  very  tedious  details. 

fc)  In  a  strong  bottle,  capable  of  holding  about  four 
ounces  of  water,  mix  equal  parts  of  common  air  and  hy- 
drogen gas.  On  applying  a  lighted  candle,  the  mixture 
will  bum,  not  silently,  as  in  experiment  (o),  but  with  a 
sudden  and  loud  explosion.  If  a  larger  bottle  be  used,  it 
should  be  wrap|jed  round  with  a  handkerchief,  to  prevent 
the  glass  from  tloing  any  injury,  in  case  the  bottle  should 
be  burst. 

(d)  The  saihe  experiment  maybe  repeated  with  oxy 
gas,  instead  of  atmospherical  air;  changing  the  proj 
lions,  and  mixing  only  one  part  of  oxygen  gas  with  two  of 
hydrogen.  The  report  will  be  considerably  louder.  The 
iMJtde  should  be  a  very  strong  one,  and  should  be  wrapped 
round  with  cloth,  to  prevent  an  accident.* 


3uld 
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(e)  The  same  experiment  may  be  made  over  water,  by 
means  of  the  electric  spark.  Procure  a  strong  tube,  about 
three  quarters  of  an  inch  diameter,  and  twelve  inches  long, 
closed  at  one  end  (plate  ii.  fig.  28.).  About  a  quarter  or 
half-an-inch  from  the  sealed  end,  let  two  small  holes  be 
drilled,  opposite  to  each  other,  and  into  each  of  these  let 
a  brass  conductor  be  cemented,  so  that  the  two  points  may 
be  distant  from  each  other,  within  the  tube,  about  one* 
eighth  of  an  inch.  An  apparatus,  serving  the  same  pur- 
pose, and  much  more  easily  constructed,  may  be  formed 
by  hermetically  sealing  a  piece  of  brass  wire  into  the  end 
of  a  g^ass  tube  (fig.  29.).  With  this  conductor,  an  inter- 
rupted circuit  may  be  formed,  by  introducing  into  the 
tube  a  longer  wire,  one  end  of  which  terminates  one-tenth 
of  an  inch  from  the  upper  one,  .while  the  other  extends 
beyond  the  aperture  of  the  tube.  Into  this  tube,  standing 
over  water,  pass  about  half  a  cubiq  inch  of  a  mixture  of 
hydrogen  and  oxygen  gases,  in  the  proportion  of  two  mea» 
sures  of  the  former  to  one  of  the  latter.  Hold  the  tube 
firmly,  and  pass  an  electric  spark  through  the  mixed  gases. 
An  immediate  explosion  will  take  place  ;  after  which  the 
gases,  if  pure,  and  in  the  proper  proportion,  will  be  found 
to  have  disappeared  entirely. 

If  atmospherical  air  be  employed,  a  diminution,  though 
not  equal  in  amount,  wiU  be  produced  by  the  union  of  the 
hydrogen  with  the  oxygen  gas  contsuned  in  the  air  ;  and, 
if  a  sufficient  quanUty  of  hydrogen  gas  be  employed,  the 
whole  of  the  atmospheric  oxygen  will  thus  be  removed^ 
On  this  principle  is  founded  the  Eudiometer  of  Volta, 
which  may  be  constructed,  by  graduating  either  of  the 
tubes  already  described,  into  equal  parts.  If,  in  one  of 
these  tubes,  we  mix  300  parts  of  common  air,  and  20Q 
of  pure  hydrogen  gas,  there  wiU  remain,  after  the  explo« 
sion  excited  by  passing  an  electric  spark  between  the  two 
wires,  about  305  measures.  There  will,  therefore,  have 
been  a  diminution  of  195  measures,  of  which  pretty  ex* 
actly  one-third  may  be  estimated  to  be  pure  oxygen.  In 
this  instance,  therefore,  65  of  ox}'gen  have  been  lost  by 
300  of  air,  or  21  and  a  fraction  per  cent* 

The  general  rule  for  ascertaining  the  purity  of  air  by 
hydrogen  gas,  may  be  stated  as  follows  :  Add  to  three 
measures  of  the  air  under  examination,  two  measures  of 
pure  hydrogen  gaft;  inflame   die  mixture  by  electricity-- 


observe  the  diminution  when  the  vessel  has  cooled ; 
dividing  its  amount  by  three,  we  obtain  pretty  nearly  t 
quantity  o('  ox)-gi:n  gas  wliich  has  been  condensed. 

(J")  The  diminution  of  hydrogen  and  oxygen  gases,  bjr 
the  union  of  their  bases,  ma)'  be  shewn  also  by  their  slow 
combustion.  Fill  a  tall  jar  with  oxygen  gas,  and  fill  also, 
with  hydrogen  gas,  a  bladder  furnished  with  a  stop-cock, 
and  with  a  long  brass  pipe,  bent  like  the  letter  S,  and 
drawn  out  to  a  fine  point  (plate  iv.  fig.  41.).  On  pressing 
the  bladder,  a  stream  ol  gas  will  issue  from  the  pipe,  which 
may  be  set  fire  to,  and  brought  cautiously  under  the  tall 
inverted  jar  of  oxjgen  gas.  By  this  contrivance,  the 
stream  of  hydnagen  gas  will  be  burnt  in  a  confined  portion 
of  oxygen  gas  ;  and,  on  continuing  the  combustion  a  suf' 
ficient  length  of  time,  the  water  will  be  seen  to  rise  gra- 
dually within  the  jar.  On  the  first  impression  of  the  heat, 
indeed,  a  quantity  of  gas  will  escape  from  the  jar,  which 
ivill  render  it  difficult  to  ascertain  what  degree  of  absorp- 
tion has  actually  taken  place.  But  this  loss  may  be  prew 
vented,  by  using  a  jar  with  a  neck  at  the  top,  to  which  a 
compressed  bladder  is  firmly  tied.  The  expanded  air,  in- 
stead of  escaping  through  the  water,  will  now  fill  the  blad- 
der at  the  top  ;  and,  when  the  experiment  has  closed,  and 
the  vessels  have  cooled,  it  may  be  ascertained,  by  pressing 
out  the  gas  from  the  bladder,  what  quantity  of  oxygen 
gas  has  been  consumed. 

The  same  experiment  may  he  more  accurately  and  ele»  | 
gantly  made,  by  subsiituung  for  the  bladder,  a  small  g»-  ' 
Komeier,  containing  a  measured  quantity  of  hydrogen  gas^ 
Let  th&  bent  pipe  be  screwed  on  the  cock  of  tlie  gazomc- 
ter ;  and  over  its  open  end,  placed  perpendicularly,  invert 
a  jar  of  oxygen  gas.  This  jar  must  be  provided  at  the 
top  with  a  metallic  conductor,  screwed  into  a  brass  cap, 
as  represented  in  fig.  +1.  [  which  shews  also  the  level  of 
the  water  within  the  jar,  attained  by  means  of  a  syphon. 
After  noting  the  height  of  the  water  within,  let  a  rapid 
succession  of  electric  sparks  be  passed  between  the  two  con- 
ductors i  and,  on  opening  the  cock  at  this  instant,  the 
stream  of  h)'drogen  gas  will  be  inflamed.  The  end  ot  the 
pipe  must  then  be  so  for  depressed,  that  the  cement  of  die 
brass  cap  may  not  be  melted  by  the  flame  ;  and  the  outer 
surface  of  the  lop  of  the  vessel  should  be  kept  cool.  When 
the  gas  is  first  lighted,  the  oxygen  gas  will  be  suddenly  e*- 
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panded  ;  but,  presendy,  a  rapid  diminution  will  go  bn,  till 
the  water  rises  above  the  end  of  the  pipe  and  extinguished 
the  flame.  If  pure  oxygen  gas  be  employed,  it  will  bi 
found,  after  the  experiment,  uninjured  in  its  quaKty,  and 
will  support  the  conibustion  of  burning  bodies  as  well  as 
before. 

When  the  above  experiment  is  made,  with  the  substi- 
tution of  common  air  for  oxygen  gas,  a  diminution  takei$ 
place,  but  much  less  considerable,  viz.  not  amounting  to 
one-sixth  of  the  original  bulk  of  the  gas. 

(S)  When  a  stream  of  hydrogen  gas  is  burned  under  a 
tube,  eighteen  or  twenty-four  inches  long,  a  sound  is  pro- 
duced. The  experiment  may  be  made  in  the  following 
manner : 

Into  a  glass  botde  are  put  iron  filings  and  sulphuric  acid, 
diluted  with  five  or  six  parts  of  water ;  and  a  cork  is  fitted 
in  to  the  neck,  through  which  a  glass  tube  is  passed,  having 
its  upper  extremity  drawn  out  to  a  capillar}'  bore.  By  se^ 
ting  fire  to  the  hydrogen  gas,  which  escapes  from  this  ex* 
trenaty,  a  continued  current  or  jet  of  flame  is  produced, 
which  is  allowed  to  pass  into  a  tube  of  either  glass,  eanhen- 
ware,  or  metal.  If  the  tube  be  not  too  large,  the  flame  be» 
comes  smaller  as  it  is  depressed ;  and  when  the  tube  covei% 
the  flame  to  a  considerable  depth,  very  dear  sounds  are  pn> 
duced.  But,  on  the  contrary,  if  the  tube  be  too  narrow,  the 
flame  will  be  extinguished ;  and,  in  proportion  as  the  tube  is 
enlarged,  the  sound  diminishes : '  so  that  there  is  a  certain  li- 
mit at  which  it  totally  ceases.  The  same  happens  when 
the  tube  is  too  long.  The  sounds  may  be  raised  at  plea*- 
sure,  by  either  using  tubes  of  various  figures  or  dimen- 
sions, or  made  of  diiFerent  substances  (See  Nicholson^s 
Journal  8vo.  1. 129.,  and  IV.  25.). 

(h)  In  a  memoir  lately  read  to  the  National  Institute  of 
France,  M.  Biot  announces  the  important  fact,  that  a  mix- 
ture of  hydrogen  and  oxygen  gases  may  be  made  to  ex- 
plode by  mechanical  compression.  A  mixture  of  these 
two  gases  was  introduced  into  a  strong  syringe,  furnished 
with  a  glass  bottom,  and  a  sudden  stroke  given  to  the 
piston.  An  extremely  brilliant  light  appeared,  accoihpa- 
nied  with  a  loud  detonation ;  and  the  glass  bottom  was 
forcibly  driven  out.  The  repetition  of  this  experiment,  it 
is  obvious,  must  be  attended  with  considerable  difficulty 
and  danger  (see  NichoboVs  Journal,  XII.  212.). 

K 


H  CASES.  CH 

1.  The  combustion  of  hydrogen  and  oxygen  gas  is  suo>  1 
cessfuily  applied  to  the  purpose  of  exciting  an  iiitenBC 
heat  by  the  blow-pipe.  The  peculiar  constiiiction  of  the 
apparatus  cannot  be  understood  without  a  plate,  which 
may  be  seen  in  the  Aimalen  <U  Chlmie.  It  may  be  suf- 
ficient here  to  state,  that  the  gases  are  contained  each 
in  a  separate  gas-holder  ;  that  they  are  expelled  by  the 
pressure  of  a  column  of  water  obtained  by  lengthening 
the  pipe  b,  fig.  35.  ;  and  that  their  mixture  does  not, 
take  place,  till  they  nearly  reach  the  aperture  ol  the 
pipe,  at  the  extremity  of  which  they  are  inHamcd.  This 
last    precaution  is  of   considerable  importance,  because 

a  violent  and  dangerous  explosion  would  otherwise  hap- 
pen.    Tb  guard  the   more   effectually  against  this   acci- 
dent, it  is  advisable  to  affii  a  valve,  opening  outwards,  in 
the  pipe  proceeding  from  each  gas-holder,  just  before  the  j 
junction  of  the  two. 

2.  Hydrogen  pas  has  an  unpleasant  smell. 

3.  Though  infammable  itself,  it  extinguhfies  burning  b9f .] 
f/ic — Bring  an  inverted  jar,  filled  with  this  gas,  over  die  I 
flame  of  a  candle  ;  and  suddenly  depress  the  jar,  so  thaf  I 
the  lighted  wick  may  be  wholly  surrounded  by  the 
The  cundle  will  immediately  be  extinguished. 

4.  /(  is  fatal  to  animals. — This  may  be  shewn  by  coofii 
tling,  in  the  gas,  a  mouse,  or  other  small  animal,' 

5.  /(  is  LOntiderabltf  lighter  than  atmospherical  air. 

(m)  Let  ajar,  filled  with  this  gas,  stand,  for  a  few  se- 
conds, with  its  open  mouth  upwards.  On  letting  down  > 
candle,  the  gas  will  be  found  to  have  escaped.  ■     J 

(fr)  Place  another  jar  of  the  gas  inverted,  or  with  it^a 
mouth  downwards.     The  gas  will  now  be  found  to  remas" 
in  the  jar,    being  prevented  from  escaping  upwards  by  t 
bottom  and  sides  of  the  vesseL 

(e)  Fill,  with  hydrogen  gas,  a  bladder  furnished  w 
stop-cock ;  and  adapt  to  this  a  common  tobacco  pipe*  i 
Dip  the  bowl  of  the  pipe  into  a  lather  of  soap,  and,  tun^ 
ing  tlie  cock,  blow  up  the  lather  into  bubbles.  These 
bubbles,  msttad  of  falling  to  the  ground,  like  those  com- 
monly blown  by  children,  will  rise  rapidly  into  the  ai^  ■ 
On  this  property  of  hydrogen  gas,  is  foimded  its  spplicb 
tioD  to  the  raising  of  balloons. 
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CHAP.  VI. 


or   THE   COMPOSITION,  DBCOMPOSITION,   AND    PEOPER- 

TIES    OP  WATER. 


SECT.  I. 


Synthesis  of  Water* 


In  Chap.  V.  Sect.  V.  it  was  stated  that  oxygen  and  hy- 
drogen gases,  when  fired  over  water,  in  the  proper  propor- 
tion, wholly  disappear.  To  ascertain  the  nature  of  the 
product  thus  fi^rmed,  however,  the  experiment  must  be 
repeated  over  mercury,  in  a  similar  manner,  by  means  of 
the  detonating  tube  (plate  iL  fig.  28.)  When  this  is  done 
repeatedly,  it  is  found  that  the  product  of  the  combustion 
is  that  well  known  fluid,  water,  which  is  thus  proved  to  be 
composed  of  two  elementary  ingredients.  The  water,  pro- 
duced in  this  mode,  is  not,  however,  to  be  considered  as  a 
compound  of  the  two  gases,  but  only  of  their  bases ;  fo)r 
the  hg^  and  caloric,  which  constituted  the  ga^es,  escape, 
in  considerable  part,  during  the  combustion.  Every  gas, 
it  must  be  remembered,  has  at  least  two  ingredients ;  the 
one,  gravitating  matter,  whicli,  if  separate,  would  proba^ 
bly  exist  in  a  solid  or  liquid  form  ;  the  other,  an  extremely 
8\:d>tile  fluid,  termed  caloric.  In  the  example  before  us, 
caloric  (and  perhaps  light)  is  a  common  ingredient  both  of 
Iqrdiogen  and  oxygen  gases  ;  but  the  two  differ  in  having 
different  bases.  The  basis  of  the  one  is  called  hydrogen, 
of  the  other  Q:i^^gen  ;  and  water  may,  therefore,  be  aflhui* 
ed  to  be  a  compound  of  hydrogen  and  oxygen.  This  may 
be  proved  in  two  modes,  by  synthesis,  i.  e.  by  joining  t^ 
getner  its  two  elementary  ingredients  ;  and  by  anah*sis,'6i 
other  words,  by  separating  the  constituent  parts  of  water, 
and  agsun  eidiibiting  them  in  a  distinct  form^ 


1.  Fill,  with  hydrogen  gas,  a  bladder,  furnished  with  V 
Btoi>-cock  and  bent  pipe  ^lig.  41.  e.,)  as  in  ihe  last  chapter. 
Then  pour  into  a  shallow  earthen  dish  as  much  quicksilver 
as  will  about  hall-till  it,  and  invert  over  this  a  glass  bcU, 
full  ot"  common  air  and  perfectly  drj'.  Expel  the  hydro- 
gen gas  through  the  pipe  ;  light  the  stream,  and  bring  it 
under  the  glass  bell,  by  raising  this,  and  depressing  it  into 
the  mcrcun*,  as  soon  as  the  ini);imed  g»s  is  introduced. 
A  portion  oi  air  will  escape,  at  first,  in  consiqucnce  of  the 
rarelactiun.  As  the  combustion  continues,  water  wiB 
form,  and  will  condense  on  the  sides  of  the  glass.  l"hi» 
watci;  is  produced  by  the  union  of  hydrogen  with  the  oxy- 
gen contained  in  atmospheric  air. 

II.  Those  persons  who  are  not  possessed  of  a  sufficient 
quantity'  of  quicksilver  to  repeat  the  above  experiment, 
may  substitute  the  following  :  Procure  a  large  glass  globe, 
capalilc  of  holding  three  or  four  quarts,  and  having  two 
openings,  opposite  to  each  other,  which  may  be  drawn  out 
for  a  short  distance,  like  the  neck  of  a  retort.  Inflame 
the  stream  of  hjdrogcn  gas,  and  introduce  it  into  the 
centre  of  the  globe.  The  rarefied  and  viiiat 
tend  through  the  aperture  of  the  g!ol>e,  and  a  constant  sui 
ply  of  fresh  air  will  be  furnished  from  beneath.  By 
combustion,  a  quantity  of  water  will  be  generated,  whi 
will  be  condensed  on  the  inner  surface  of  the 

III.  A  simple  and  ingenious  apparatus,  less  costly  than 
any  other,  intended  for  the  purpose  of  exhibiting  the  com- 

fosition  of  water,  is  made  by  Mr.  Cuthberlson  of  London. 
t  may  he  seen  described  and  figured  in  Nicholson's  Jour- 
nal, Vol.  II.  p.  335.;  or  in  the  Philosophical  Magazine... 
Vol.  II.  p.  317.  [•  \ 

In  using  this  apparatus,  however,  instead  of  two  gklls' 
receivers  for  the  oxvgen  and  hydrogen  gases,  stat^ding 
inverted  in  a  trough  of  water,  I  employ  a  coupli;  cf  ga- 
zometers  ;  and  with  this  altei^tion,  the  experiment  is 
more  easily  managed,  as  well  as  more  striking.  The  ap- 
paratus, thus  modified,  consists  of  a  large  glass  receiver  or 
bottle  a.  (plate  IV.  fig.  34.)  with  an  opening  at  the  bot- 
tom, into  which  is  cemented  a  piece  of  brass,  perforated 
with  two  holes.  This  brass  piece  is  represented  of  a 
larger  size  in  fig.  33. ;  the  apernire  a.  convtying  the  hydro- 
gen gas,  and  i.  the  oxygen.     Before  commencing  the  ex- 
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periment,  the  cock  e.  fig*  34.  is  screwed,  by  means  of  a 
ooilar-joint,^  to  the  cock  b.  of  the  gazometer  fig.  35.  coa- 
tallying  oxygen  gas;  and  to  the  cock  ^,  by  the  same 
means^  is  affixed  another  gazometer,  filled  with  hydrogen 
gas.  When  it  is  intended  to  ascertain,  accurately,  the 
proportions  of  gases  consumed,  the  receiver  a.,  previous^ 
weighed,  is  first  exhausted  by  an  air-pump,  with  which  U 
may  be  connected  by  the  fenude  screw  at  c.  The  quantiF* 
ly  of  common  air  left  in  the  receiver  may  be  determine4, 
by  inclosing  a  gage  within  it.  If  the  additional  expence  be 
not  deemed  an  objection,  it  is  advisable,  that  after  ex- 
hausting the  receiver,  oxygen  gas  should  be  admitted  ;  its 
contents  be  exhausted  a  second  time ;  and  again  renewed 
by  fresh  ox\gen  fix>m  the  gazometer,  the  quanuty  of 
which  may  be  observed  by  the  graduated  scale.  The  re- 
ceiver being  thus  filled  with  ox}  gen  gas,  and  accurately 
closed  by  a  cock  at  c,  a  succession  of  sparks  is  to  be  pass- 
ed, from  the  prime  conductor  of  an  electrical  machine,  be- 
tween the  platina  knob  of  the  bent  wire  within  the  receive 
er,  apd  the  point  of  the  brass  cone.  While  the  sparks  are 
transmitted,  the  cock  ^  is  to  be  opened.  .  A  stream  of 
hydrogen  gas  will  immediately  issue  from  the  aperture  at 
the  point  of  the  cone,  and  wiU  be  inflamed  by  the  electric 
spark,  as  represented  fig.  33.  The  cock  e.  is  now  to  be 
opened,  and  the  size  of  the  flame  of  hydrogen  gas  mode- 
rated by  pardy  shutting  the  cock  d.  As  the  volume  of 
l^drogen  gas  consumed  is  double  that  of  the  oxygen  ;  and 
the  pipe,  which  transmits  it,  is  of  less  diameter  than  that 
conveying  the  latter,  about  twice  the  pressure  is  required 
to  expel  the  hydrogen.  This  is  given,  by  lessening,  in  that 
proportion,  the  weight  of  the  counterpoises  (ee*  fig;  35.)  of 
the  gazometer  containing  hydrogen. 

During  the  combustion,  the  moveable  vessel  c.  fig.  35. 
of  each  gazometer  descends  ;  and,  by  observing  the  gra- 
duated scales,  it  will  be  seen  that  the  hydrogen  vessel  falls 
twice  as  quick  as  that  which  holds  the  oxygen  gas.  It  is 
necessary  to  keep  the  receiver  a.  cool  by  means  of  wet 
clodis ;  and,  when  this  is  done,  the  water,  which  is  pro- 
duced, will  form  into  drops  on  the  inside  of  the  receiver, 
and  collect  at  the  bottom.  At  the  conclusion  of  the  ex- 
periment, the  reclieiver  is  to  be  again  weighed,  and  the  in- 

•  S€c  Plate  V.  fig.  47- 


crease  noted.  The  tjuaniity  of  gases  consumed  is  to  be  I 
observed,  nnd  their  aciual  weight  compuied,  by  means  cf.l 
the  Table  g;iven  in  the  Appendix.  It  will  be  ibund,  that  M 
the  weight  of  water  produced  is  very  nearly  equal  to  thflC  1 
of  the  two  gases  e^tpended  ;  Chat  is  to  say,  excluding  de*  J 
cimals,  for  every  hundred  grains  of  water  in  the  receiven'fl 
eighty-five  grains  of  oxygen  gas,  and  fifteen  grains  of  bju  I 
drogen  gas,  will  have  disappeared. 

IV.  By  firing  repeated  portions  of  a  mixture  of  oxygt 
and  hydrogen  gases  over  mercury,  a  sensible  quantity  0 
water  will  at  last  be  produced. 


Analysis  of  Water. 

The  anal)'tic  expehmeats  on  water  are  of  two  kindsr' 
1st,  Such  as  present  us  with  one  of  its  ingredients  only,  in 
a  separate  and  distinct  form  ;  '2dly,  Snch  as  present  us  with 
its  two  component  principles,  the  hydrogen  and  oxygen, 
mixed  together  in  the  state  of  gas. 

I.  Of  the  first  kind  arc  the  following : 

1.  Procure  a  gun-barrel,  the  breech  of  which  has 
removed,  so  as  to  form  a  tube  open  at  each  end.  Fdl  Hat 
with  iron-wire,  coiled  up  in  a  spiral  form.  To  one  end  of 
the  barrel  adapt  a  small  glass  retort,  partly  filled  with  w^ 
ter,  and  to  the  other  a  bent  glass  tube,  the  open  end  of 
which  terminates  under  the  shelf  of  the  pneumatic  cistern. 
Let  the  barrel  be  placed  horizontally,  (or  rather  with  that 
end,  to  which  the  retort  is  fixed,  a  little  elevated,)  in  a 
furnace  having  two  openings  in  its  body  opposite  to  each 
other,  (plate  IV.  fig.  40.)  Light  a  fire  inlhe  furnace  ;  and, 
when  the  gun-barrel  has  become  red-hot,  apply  a  lamp 
under  the  retort.  The  steam  of  the  water  will  pass  over 
the  red-hot  iron,  and  will  be  decomposed.  Its  oxygen 
will  unite  with  the  iron  ;  and  its  hydrogen  will  be  obtaiD- 
ed  in  the  form  of  a  gds.  This  is  the  readiest  and  cheapest 
mode  of  procuring  hydrogen  gas,  when  wanted  in  consi- 
derable quantity. 

2.  The  same  experiment  may  be  repeated  ;  substituting 
an  earthen  tube  for  a  gun-banel,  and  weighing  the  iron 
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wii^  accurately^  both  bctare  and  after  the  expenment. 
The  iron  will  be.  found  to^have  gained  weight  very  oonai* 
deraUy ;  and, ,  if  atlendon  be  paid  to  the  weig^  of  the 
water  that  escapes  decomposition,  by  an  addition  to  the 
app$u:atua,  (fig.  40.'  e.)  and  to  the  weight  of  the  gases  ob- 
tained, it  wul  be  found^that  theweightgained  by  the  iron, 
added  to  that  of  the  hydrogen  gas,  will  make  up  exactly 
the  weight  of  the  water  that  has  disappeared.  From  ex- 
periments of  this  kind,  conducted  with  the  utmost  atteiH 
tion  to  accuracy,  as  well  as  from  symhetic  experiments,  it 
appears,  that  water  is  compounded  of  85  per  cent,  oxy- 
gen, and  15  hydrogen,  by  weight,  very  nearly.  But  as 
hydrogen  gas  is  eleven,  times  lighter  than  .common  air,  the 
{NToportion  of  gases,  by  volume,  required  to  form  water,  is 
about  two  of  hydrogen  to  one  of  oxygen  gas. 

3.  Water  may  be  decomposed,  in  a  similar  apparatus, 
over  charcoal  instead  of  iron.  The  results,  however,  are 
different  in  this  case,  as  will  appear  from  a  subsequent 
section. 

4.  Another  mode  of  effecting  die  decomposition  of  wai* 
ter  yet  renudns  to  be  mentioned,  in  which  not  the  hydros 
gen,  but  the  oxygen  is  obtained  in  a  gaseous  state.  Thia 
is  by  the  action  of  living  vegetables  ;  either  entire,  or  by 
means  of  their  leaves  aoiy.,  Fill  a  dear  glass  .globe  with 
water,  and  put  into  it  a  number  of  green  leaves,  from  at 
moat  any  tree  or  plant.  A  sprig  or  two  of  mint  ¥rill  an- 
swer the  purpose  perfecdy  weU.  Invert  the  glass,  or  place 
it,  with  its  mouth  downwards,  in  a  vessel  of  water.  £x» 
pose  the  whole  apparatus  to  the  direa  light  of  the  sun^ 
which  will  then  fall  on.  the  leaves  surrounded  by  water. 
Babbles  of  air  will  ^soon  begin  to  form  on  the  leaves,  and 
Will  mcrease  in  size,  till  at  hot  they  rise  to  the  top  of  the 
vesseL  This  process  may  be  carried  on  as  long  as  the  ve> 
getaUe  continues  healthy;  and  the  gas,  when  examined, 
will  prove  to  be  oxygen  gas,  nearly  pure.  In  this  ex- 
periment,  the  hydrogen  combines  with  the  .plant,  to  the 
nourishment  and  simport  of  which  it  contributes,  while 
the  oxygen  is  set  at  libertjr. 

II.  The  processes,  by  which  the  elementary  parts  of  wa^ 
ter  are  separated  from  each  other,  and  are  both  presented 
io  aa  aeriform  state,  as  a  mixture  of  hydrogen  and  oxygen 
gases,  are  dependent  on  the  agency  of  electricity. 


I.  The  first  of  these  experimenta  requires  for  its  per- 
formance the  aid  of  a  powerful  elecirical  machine.  This 
fact  was  the  discovery  of  a  socictj-  of  ingenious  Dutch 
chemists;  and  the  principal  circumstance,  in  the  experi- 
ment, is  the  transmission  of  electrical  shocks,  through  a 
confined  portion  of  water.  The  apparatus  emiiloyed,  in 
this  experiment  of  Messrs.  Dieman  and  Van  I'roostwyk, 
is  a  glass  tube,  about  one-eighth  of  an  inch  diameter,  and 
twelve  inclics  long,  one  of  the  ends  of  which  is  sealed  her- 
metically, a  gold  wire  being  inserted  at  this  end,  and  pro- 
jecting atx)ut  an  inch. and -a-half  within  the  tube.  About 
the  distance  of  five-eighths  of  an  inch  from  the  extremitjir^ 
of  this,  another  wire  is  to  be  fixed,  which  may  extend  tatW 
the  open  end  of  the  tube.  The  tube  is  next  to  be  filled-  1 
with  distilled  water,  and  to  be  placed  inverted  in  a  vessel 
of  the  same.  When  thus  disposed,  electrical  shocks  are 
to  be  passed  between  the  two  ends  of  the  wire,  through 
the  water;  and,  if  these  shocks  be  sufhiienUy  strouf 
bubbles  of  air  will  be  formed  at  each  explof 
ascend  till  the  upper  part  of  the  wire  is  uncovered  by  i 
water.  As  soon  as  this  is  effected,  the  next  shock  that  ii 
passed  will  set  fire  to  the  air,  and  the  water  will  rise 
in  the  tube,  a  very  small  quantitv-  of  gas  remaining.  Now, 
as  hydrogen  and  oxvgen  g-.ises,  in  a  state  of  admixture,  are 
the  only  ones  that  are  capable  of  being  mftanicd  by  the 
electric  shock;  and  as  there  is  nothing  in  the  tube,  besides 
water,  that  can  aflbrd  them  in  this  experiment,  we  may 
safely  infer,  that  the  evolved  hydrogen  and  oxygen  gases 
arise  from  decomposed  water. 

2.  An  improved  apparatus,  exhibiting  the  s 
ment,  with  less  trouble  to  the  optraior,  has  been  invenie 
by  Mr.  Cuthbertson,  and  may  be  seen  described  and  fi*-' 
gured  in  Dr.  Pearson's  paper  in  the  Philosopbical  Tran- 
sactions for  1797,  or  in  Nicholson's  Journal,  Vols.  I.  and 
II.  4to. 

3.  The  same  experiment  may  be  performed  with  the  aid 
of  an  apparatus  of  great  simplicity,  and  which  it  is  in  the 
power  of  almost  any  person  to  make  for  himself.  This  is 
the  newly  discovered  pile  of  Signior  Voita;  a  discovery 
which,  for  curiosity  and  importance,  in  a  philosophical 
view,  ranks  with  the  first  that  have  been  made  during  the 
past  century.     It  is  conBUucted  in  the  following  manner  : 
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Procure,  at  a  brazier's  or  coppersmith's,  thirty,  forty,  or 
litty  pieces  of  zinc  or  speltri:,  caat  in  sand,  of  the  size  of 
half-crowa&  or  shiUings,  but  rather  thicker.  A  correspood- 
ing  number  of  half-crowns  or  shillioga  will  also  be  ret^uir- 
ed,  according  to  the  size  of  the  pieces  of  zinc  that  may  be 
employed.  Let  an  equal  number  of  pieces  of  wooUca 
cloth  be  cut,  of  a  circular  shape,  to  correspond  with  the 
pieces  o(  ziac ;  and  steep  these  in  a  strong  solution  of  com. 
mon  salt  in  water.  I'hen  dispose  the  three  substances  aU 
tematcly  in  the  following  order;  silver,  zinc,  moistened 
cloth  ;  silver,  zinc,  &c.  till  a  sufficient  number  of  these 
triplicates,  not  less  than  twenty  or  thirty,  have  been  thus 
arranged,  the  silver  terminating  the  pile  at  the  top.  In 
order  to  facilitate  the  touching  of  the  bottom  piece  of  iH- 
ver,  it  may  be  well  to  put  under  it  asllpof  tinfoil,  or  Dutch 
leal",  which  may  project  a  few  inches.  Next,  let  the  hands 
be  moistened  with  salt  and  water,  and,  on  touching  the 
pece  of  tinfoil  with  one  hand,  and  the  uppermost  piece  of 
silver  with  the  other,  a  shock  will  pass  uirough  the  anna, 
which  will  be  strong  in  proportion  to  the  number  of  pieces 
of  zinc,  &c.  that  are  employed. 

The  silver  and  zinc  plates  may  also  be  more  commodi- 
ously  arranged  in  a  mahogany  trough,  (plate  IV.  fig.  Sr.) 
When  intended  for  this  purpose,  they  must  be  cast  in 
squares  of  about  two  inches  and  a  half,  and  must  be  let 
down,  and  well  cemented,  into  grooves  cut  in  the  wood. 
The  two  metab  mav  be  in  contact,  and  may  even  be  sol- 
dered together  ;  and  between  each  pair  of  plates  a  cell  is 
to  be  left  for  containing  the  li(f  uid  to  be  employed.  Troughs 
of  this  kind  are  much  more  powerful,  and  are  kept  in  or- 
der with  less  trouble  than  the  pile. 

With  this  appanttus,  the  decomposition  of  water  is  ef- 
fected with  the  utmost  facibty.  Take  a  narrow  glass  tube, 
three  or  four  inches  long  ;  fit  each  end  with  a  cork,  pene- 
trated by  a  piece  of  slender  iron-wire,  aitd  fill  the  tube 
with  water.  Let  the  ends  uf  the  two  wires  be  distantfrom 
each  Other  about  three-fourths  of  an  inch  ;  and  let  the  one 
be  made  to  communicate  with  the  bottom  of  the  pile,  the 
other  with  the  top.  (sec  fig.  ST.  i.)  On  making  this  com- 
munication, bubbles  of  air  will  form,  and  will  ascend  to 
the  top  of  the  tube  ;  the  wire  being  rapidly  oxydated.  In 
this  experiment,  water  is  decomposed  i  its  oxygen  unites 
with  the  iron,  while  ilshvdrogcn  appears  in  the  state  of  gas. 
I. 
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If  ihis  experiment  be  made  with  the  substitution,  for   , 
iron,  of  some  metal  that  is  not  oxydizetl  by  water,  aa  gold* 
for  example,  we  obtain  a  mixture  of  hydrogen  and  oxygeh 
gases,  as  in  the  experiment  of  Messrs.  Dieman  and  Van 
Trooatw)'k. 

A  very  evident  difference  may  be  observed  in  tlie  quart-' 
tit)'  of  gaa  extricated  from  the  two  wires.  That  connect'  , 
ed  with  the  zinc  end  (which,  for  the  sake  of  distinction^ 
maj'bc  called  the  zinc-wire)  is  much  less  in  quantity,  thstO 
what  issues  from  the  copper-wire.  By  a  ahght  variation  in 
the  apparatus,  we  may  obtain  these  two  gases  separately,* 
viz.  by  placing  the  two  wires  in  separate  legs  of  a  syphon, 
aa  represented  in  Nicholson's  Journal,  4to.  Vol.  IV.  plate 
21.  On  examining  the  gases,  the  portion  evolved  by  the 
zinc-wire  will  be  found  to  be  oxygen,  and  that  from  the 
copper-wire  hydrogen,  in  the  proportion  by  measure  of  one 
of  the  former  to  two  of  the  latter. 

In  Mr.  Nicholson's  Journal,  4to.  Vols.  IV.  and  V.  H    ' 
variet>*  of  interesting  observations  on  the  phenomena  pro- 
duced by  Volta's  Galvanic  Pile,  have  been  published  by 
Messrs.  Nicholson,    Carlisle,  Cruickshank,   Davy,   and 
others. 


PrsfKrtks  and  Effects  of]Vater.\ 

I.  Water  contains  atr.^This  may  be  shown  by  placing 
a  glass  vessel  of  water  under  the  receiver  of  an  air-pump. 
During  the  exhausdon  of  the  receiver,  bubbles  of  air  Will 
be  seen  to  ascend  very  plentifully.  Much  air  escapes  also 
from  water,  during  ebullition,  and  may  be  collected  by  A 
proper  apparatus.  The  same  fa«  may  also  be  exhibit 
by  filling  a  barometer  tube,  about  thirty-two  inches  1 
sealed  at  one  end,  with  quicksilver,  except  about 
inches,  :md  the  remainder  with  water.     On  inverting 
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ap^n  end  of  l)ie  tube  in  quick^ver,  bubUcJi  sf  air  ivill  be 
Ken,  in  a  shopt  time,  to  liae  from  the  vnUr* 

IL  ^afrr  i>  corUainai  in  the  air  qfiie  aimoaflkre^  €ven 
during  the  driest  xveaiher,  fispmt  4d  ibe  mf^m  a  aha4Dw 
ves^l,  a  little  carbonate  ofpolaih  (not  ciymDizedf  bat 
the  common  salt  of  tartar.)  tm  a  km  dayBit  will  have  be- 
come moist,  or  delifuiaied*  On  the  same  principle,  water 
exposed  tQ  die  air,  in  a  shallow  vessel,  disappears,  being 
dissolved  by  the  a^osphere. 

I(L  Water  dissoheM  a  gretUvariety  of  solid  bodies. — ^The 
aubstances,  on  which  it  exerts  this  effect,  are  said  to  be  so* 
Juhle  in  water ;  and  there  are  various  degrees  of  solubilitjf » 
S^  chap*  ii* 

"  IV.  During  the  sohuion  of  bodies  in  water ^  a  change  of 
temperature  ensues*-— In  most  instances,  an  absorption  of 
caloric  (in  other  words,  a  production  of  cold)  is  attendant 
on  solution,  as  in  the  examples  given  in  chap.  iiL  sect.  2. 
JBut,  in  other  cases,  caloric  is  evolved)  or  heat  is  produced^ 
Thus,  common  salt  of  tartar,  during  solution  in  water, 
laises  the  temperature  of  its  scjvent  i  and  caustic  pot-ash, 
in  a  state  of  dryness,  does  the  same  stiM  more  remarkably. 
Both  caibonated  and  pure  potash,  however,  when  crystal- 
lized, observe  the  usi^l  law,  and  absorb  caloric  during  so- 
lution. Now  as  their  cUfference,  in  the  crystallized  and 
MQcrystallized  state,  depends  chiefly  on  their  containing 
in  the  former,  but  not  in  the  latter,  water  chemically  com- 
bined, we  may  infer,  that  the  cold,  produced  during  the 
solution  of  salts,  is  occasioned  by  the  conversion  of  the 
water,  which  exbts  in  these  bodies,  from  a  solid  to  a  liquid 
form* 

V.  During  the  sobitian  tf salts  in  water,  a  auantUy  of  air 
is  ^sengageom — ^This  ^r  was  partly  containea  mechanically 
in  the  salt,  andpartfy  in  the  water.  That  it  dpes  not  arise 
entirely  from  the  former  source,  is  proved  by  varying  the 
experiment  in  the  following  manner.  l»et  an  ounce  or 
two  of  sulphate  of  soda  be  put  into  a  vial,  and  pour  on  this 
aa  much  water  as  will  completely  fiU  the  bottle.  The  air 
oontuned  in  the  pores  of  the  salt  will  be  tlius  disengaged  ; 
but  only  a  smiall  portion  of  the  salt  will  be  dissolved,  agree- 
ably to  the  principle  laid  down,  chap.  2.  vii.  Let  the  vial 
be  shaken,  and  the  whole  of  the  salt  will  disappear  ;  a 
fresh  portion  of  air  being  liberated  during  solution.  I'he 
air,  that  now  appears,  is  extricated  from  the  water,  in  con- 
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sequence  of  the  afEnity  between  the  water  and  the  salt  be^ 
iog  stronger  than  that  between  the  water  and  the  air.  It 
is,  therefore, a  case  of  single  elective  affinity. 

VI.  During  the  solution  of  bodies,  the  bulk  of  water  chaif 
get^ — ^Takc  a  ^ass  globe,  furnished  with  a  long  narrow 
neck  (commonly  termed  a  matrass,  see  fig.  4.),  and  put 
into  it  an  ounce  or  two  of  sulphate  of  soda.  Then, add  aa 
much  water  as  will  fill  the  globe,  and  about  three-fourths 
of  the  neck.  This  tTuiuld  be  done  with  as  little  agitation 
as  possible,  in  order  that  the  salt  may  not  dissolve,  till 
required.  Mark,  by  tying  a  little  thread,  the  line  where 
the  water  stands  ;  and  then  agitate  the  matrass.  The  salt 
will  dissolve  ;  air  will  be  set  at  liberty  ;  and  during  the 
solution,  the  water  will  sink  considcradily  Iwlow  its  level. 
The  contraction  of  bulk  is  owing  to  the  diminution  oficm- 
peraturv ;  and,  when  the  water  has  regained  its  former 
temperature,  it  will  also  be  found,  diat  its  bulk  is  increased 
bytbe  addition  of  salt.  The  Bishop  of  L  land  a  ff  observed, 
that  water  exhibits  a  manifest  augmentiition  of  bulk,  by 
dissolving  only  the  two-thousandth  part  of  its  weight  of 
salt ;  a  fact  sufficiently  decisive  against  that  theory,  which 
supposes  pores  in  water  capable  of  receiving  saline  bodies 
without  an  augmentation  of  volume. 

Vn.  fVater/iaaituBoivenl power  increased, by  liiniinhMnff, 
the  pressure  of  the  atmosphere. — Into  a  Florence  flask,  ptit 
halUa-pound  of  sulphate  of  aoda;  pour  on  it  barely  a  pint 
of  water,  and  apply  heat  so  as  to  boil  the  water.  The 
whole  of  the  salt  will  be  dissolved.  Boil  the  solution  for 
several  minutes  pretty  strongly,  so  as  to  drive  out  the  airj 
and  cork  the  bottle  tightly,  immediately  on  its  removal 
from  the  fire.  To  prevent  more  completely  the  admission 
of  air,  tie  the  cork  over  with  bladder.  As  the  vessel  cools, 
an  imperfect  vacuum  will  be  formed  over  the  solution ;  for 
the  steam,  which  arises  during  the  ebullition,  expels  the 
air,  and  takes  its  place.  The  steam  is  condensed  agun, 
when  the  vessel  cools.  The  solution,  when  periectly  cold, 
may  be  shaken  without  any  effect  ensuing,  bo  long  as  the 
vessel  is  kept  closely  stopped  ;  but,  on  removing  the  cork 
and  shaking  the  vessel,  the  solution  will  immediately  con- 
ceal, andheatwill  be  produced.  This  experiment, besides 
the  principle  which  it  is  peculiarly  intended  to  illustrate, 
exemplifies  also  the  general  rule  laid  down.  Chap.  111. 
sect.  S.  vi.  viz.  that  caloric  is  always  evolved,  during  the 
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trmsition  of  bodies  from  a  fluid  to  a  solid  state ;  and  it 
fiirmshes  a  fact  emcdy  the  reverse  of  diat  in  which  cold 
is  produced,  or  caloric  absorfoed,  during  the  solution  of 
salts. 

VIIL  It  is  unnecessarv  to  add  any  thing  to  what  has 
been  already  said  in  a  former  section,  respecting  die  com- 
Unauon  of  caloric  with  water  constituting  steam ;  or  to 
the  hbtory  of  the  phenomena  attending  its  conversion  in- 
to ice;  except  that,  during  the  latter  change,  its  bulk  b 
enlai|^  in  the  proportion  of  nine  to  eight,  and  that,  in 
consequence  q£  this  expansion,  water,  during  congelation, 
is  capable  of  bursting  the  strongest  iron  veMek;  and  be- 
comes specifically  lighter.  Hence,  ice  swims  always  on 
the  surface  of  the  water. 

It  is  remarkable,  that  tiiis  enlargement  of  tiie  bulk  of 
water  begins  long  before  its  temperature  has  descended  to 
the  freezing  point,  viz.  at  about  40^  Fahrenheit.  Let  a 
thermometer  bulb,  and  part  of  its  tube,  having  a  wide  bore, 
be  filled  with  water,  titiged  with  a  litde  litmus,  which  may 
be  introduced  by  the  same  means  as  those  already  direct- 
ed for  filling  witii  quickulver.  Immerse  the  thermometer 
in  water  of  tiie  temperature  of  40^;  and,  when  the  include 
ed  water  may  be  supposed  to  have  attidned  the  same  de- 
gree of  heat,  remove  the  instrument  successively  into  wa- 
ter of  the  temperature  of  36^  and  3S^.  At  each  immer- 
sion, the  water  will  rise  in  the  tube.  Bring  its  tempera^ 
ture  again  to  40%  and  it  will  descend  to  the  same  point  as 
before.  Place  it  in  water  of  50^,  and  it  will  agsun  be  ex- 
panded. Predsdy  similar  effects,  therefore,  appear  to 
result,  in  these  experiments,  from  two  opposite  causes ;  for 
the  bulk  of  water  is  alike  increased  by  reducing  or  raising 
its  temperature.  It  is  contended,  however,  by  Mr.  Dalton, 
that,  in  die  iq^parent  expanuon  by  a  lower  temperature, 
there  is  a  deception,  arising  from  the  contraction  of  the 
glass,  which  must  lessen  the  capacity  of  the  bulb,  and 
force  the  water  up  the  stem.  The  question  is  not  yet  de- 
cided ;  and  is  still  contested  by  Mr.  Dalton  against  the  ex- 
periments of  Count  Rumford  and  of  Dr.  Hope. 


CHAP.  vn. 


Genera!  ^alitiet. 


The  properties,  common  to  all  the  three  alkalis,  may  b* 

sliown  by  uiose  of  a  solution  of  pure  potash- 
es.) The  alkalis  change  vegetable  blue  colours,  as  that 

of  an  infusion  of  violets,  to  green. 

[b.)  They  have  an  acrid  and  peculiar  taste. 

[i\)  They  serve  as  riie  intermedia  between  oils  and 

ten 

(rf.)  They  corrode  woollen  cloth  ;  and,  if  the  soludflit 

he  sufficiently  strong,  reduce  it  to  the  form  of  a  jelly, 
(c.)  TTiey  arc  readily  soluble  in  water. 


Pure  Potash  and  Pure  Soda. 
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To  prepare  pure  potash,  dissolve  any  quantity  of  Ame- 
rican or  Dantzic  pearl-ash  in  twice  its  weight  of  boiling  wa- 
ter, and  add  the  solution,  while  hot,  to  an  equal  weight  of 
fresh  quicltlime,  slaked  to  a  paste  with  water.  Boil  the 
mixture  in  an  iron  kettle,  adding  as  much  water  as  is  ne- 
cessary to  reduce  it  to  a  proper  consistence,  (about  that  of 
cream,)  and  continue  stirring  during  an  hour.  Then  se- 
parate the  liquid  alkali,  either  by  filtering  or  by  subsidence, 
and  boil  it  to  dryness  in  a  silver  dish.  Pour,  on  the  dr>' 
mass,  as  much  pure  alcohol  as  is  required  to  dissolve  it; 
put  the  solution  into  a  bottle,  and  let  the  insoluble  part 
settle  to  the  bottom.  Then  decant  the  alcoholic  soluUon 
of  potash,  which  swims  at  the  top,   and  distil  off  the  alco*   , 


hoi  ill  til  aletiiMc^  bf  pjStt  !iiltef ,  fuittished  ^th  a  gla^ 
head.  Pour  theMkaU,  when  in  fosioti,  upon  a  silver  dish, 
tfkl,  wheh  e6ld,  break  it  lAto  pieces,  and  preserve  it  in  a 
#ell-stopped  hcMlt.  If  fbt  distilktibn  of  the  alcohol  be 
wks^  carried  s6  far,  tfa^  i&ali  irill  shoot,  on  cooling,  into 

In  fiie  same  mode  may  pure  soda  be  prepared,  substitu^ 
ting  the  ciobonate  bf  soda  for  thfe  p^ari-ash. 

These  alkalis  have  die  following  ptbpetties ; 

(tu)  They  pc^erfiiDf  Attract  moisture  fmm  the  atmos- 
phere, ol*  deliquiate. 

(b.)  Thejr  readily  dlssoiVte  in  water,  and  produ(:e  heat 
dttring  their  sdlutioti.  if  the  fused  alkalis  be  emploved  ; 
but  die  drystditied  alkalis  generste  cold,  whfm  dissolved. 

i(c.)  They  iit  not  v<3ktilii^  by  A  liioderate  heat,  aood 
hetice  hitv^  be^  cdled,  faSeA  dbdi^ 


SECT.  11. 

L  AihttuynSa,  hi  its  piirest  form,  subsists  in  die  ^ixtt  of  a 
gas.  In  oMer  to  ptocuh^  it,  one  of  die  following  proc^seft 
ihay  be  employed. 

{a.}  Mil  txM;ether  equal  parts  of  muriate  of  ammoma  and 
quickfime,  each  separately  powdered ;  and  introduce  them 
iXM  a  Blnall  gas4x>ttle  or  ittort.  Apply  the  heat  of  a 
laMp ;  andrecrive  die  gas,  that  is  liberated,  over  mercury* 

{bm)  To  a  saturated  solution  of  ammonia  in  water,  or 
die  put^  fii^d  ammonia,  in  a  ga84K>ttIe,  apply  die  heat  of 
a  hSbf ;  and  toHect  the  gas,  as  in  a. 

tL  This  ga^  has  the  following  properties : 

Uu)  It  has  a  strong  and  very  pungent  smell. 

(&.)  It  immediately  extinguishes  flame  ;  and  is  fatal  to 
anhhids.  Before,  however,  a  candle  is  extinguished,  bv 
immersion  in  this  m,  the  flame  is  enlarged,  bv  the  addi- 
tion of  anodier,  of  a  pale  yeflow  colour,  which  descends 
from  the  mouth  of  die  jar  to  the  bottom.    If  the  flame  of 

*  The  Bgtre  of  aaaletnbic  may  ht  feen  in  Plate  I.  fi^.  s. 


the  ciindle  be  only  iq  part  immersed  in  the  gu,  thts  yc| 
lovisb  flamt:  rises  a  few  lines  above  the  other. 

(f.)  It  is  lighter  than  atmospheric  air.  Hence  a  j 
filled  with  this  gas,  and  placed  with  its  mouth  upwards,  j 
sooEi  found  to  change  its  contents  for  common  air,  whic' 
being  heavier,  descends,  and  displaces  the  ammoniac 
gas.     Ouehundredcubiciochesof  this  gas  weigh  tSgr^ns^ 

((/.)  It  is  not  in&ammable ;   nor  does  it  explode   wheili^  1 
mixed  with  hydrogen  gas. 

(e.)  It  is  rapidly  ^orbed  by  water.  A  drop  or  two  of 
water  being  admitted  to  a  jar  of  this  gas,  conhncd  over 
mercury,  the  gas  will  be  immediately  absorbed,  and  the 
mercury  will  rise,  so  as  to  fill  the  whole  of  the  jar,  pro- 
vided the  gas  be  sufficiently  pure.  Ice  produces  the  same 
effect,  in  a  still  more  remarkable  manner.  From  Mr. 
Davy''s  experiments,  it  appears  that  100  grains  of  water 
absorb  34  grfuns  of  ammoniacal  gas,  or  190  cubic  inches. 
Therefore  a  cubic  inch  of  water  takes  up  475  cubic  inches 
of  the  gas. 

Alcohol,  also,  absorbs  several  times  its  bulk,  and  affords 
a  solution  of  ammonia  in  alcohol,  which  possesses  the 
strong  smell  and  other  properties  of  the  gas. 

(J".)  Water,  by  saturation  with  this  gas,  acquires  its  pe- 
culiar smell  1  and  constitutes  what  has  been  called  liquid 
ammonia ;  or,  more  properly,  solution  of  pure  ammonia  in 
water.  The  method  of  effecting  this  impregnation  will  be 
described  hereafter;  and  processes  will  be  pven  for  oh- 
laining  the  soludon  of  ammonia  in  considerable  quantity, 
which  cannot  convcniendy  be  accomplished,  as  in  the  ex- 
periment e.  This  solution  again  yields  its  gas  on  applying 
heat,  (see  I.  ft.) 

(^.)  This  gae  is  decomposed  by  electricity. — Provide  a 
tube  furnished  with  two  conductors  (tig.  28.j  and,  having 
admitted  about  a  cubic  inch  of  ammoniacal  gas,  pass 
through  it  a  succession  of  electrical  discharges.  When 
150  or  2O0  shocks  have  been  passed,  the  gas  will  have  in- 
creased to  three  times  its  original  bulk-  Admit  a  small 
quantity  of  water;  the  gas  will  not,  as  before,  be  com- 
pletely absorbed  by  the  water,  but  a  part  will  remain. 
Hence  it  appears  that  some  new  gas  has  been  generated. 
Admit  to  this  gas  about  one-lburth  its  bulk  of  oxygen  gas 
of  known  puritj',  and  pass  an  electric  spark  through  the 
mixture.     A  detonation  will  take  place,  which  will  be  fol- 
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lowed  by  a  coosideraUe  dinunution  of  vokime.  Of  this 
ahsorpiion,  two-thirds  are  owing  to  the  coiidcpaatioa  of 
hydrogen  gas.  There  is  still,  however,  a  conskknble  re^ 
sidue  of  gas,  which  most  probably  contauns  a  redundancy 
of  oxygen.  This  may  be  absorbed  by  the  sulphuret  oif 
lime,  and  the  remainder  will  be  found  to  be  azodc  gas. 
Hence  it  appears,  that  ammonia  yields,  when  submitted 
to  electricity,  hydrogen  and  azotic  g^ses;  and  is  there- 
fore a  compound  of  hydrogen  and  azote.  The  propor- 
tion in  which  these  gases  are  obtained,  is  about  35  of  the 
former  to  105  of  the  latter ;  and,  calculating  from  their 
known  gravity,  it  is  inferred,  that  100  parts  of  pure  gaseous 
ammonia  are  composed,  by  weight,  of  20  hydrogen  and 
80  azote. 

(A.)  The  decomposition  of  ammonia  may  also  be  easily 
shown,  by  galvanizmg,  with  the  apparatus  described  page 
81,  a  saturated  solution  of  ammonia  in  water.  In  this  ex- 
periment a  considerable  quantity  of  gas  is  produced*  Ex- 
pose it  over  a  solution  of  sulphuret  of  potash.  A  snudl 
part  of  it,  being  oxygen  gas,  will  disappear.  The  remaio- 
der  consists  of  hydrogen  and  azotic  gases. 
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EARTHS. 


The  term  earth  was,  till  lately,  employed  to  denote  ^  a 
tasteless,  inodorous,  dry,  brittle,  and  uninflammable  sub- 
stance, not  more  than  five  times  heavier  than  water.'' 
This  definition,  however,  was  rendered  imperfect  by  the 
discovery,  that  certain  earths  have  a  strong  taste,  and  are 
readily  soluble  in  water,  which  yet  possess  the  other  cha- 
racters of  earthy  bodies.  Some  of  the  earths  were  there- 
fore removed  from  this  class,  and  arranged  among  the  al- 
kalis. The  classification,  hqwever,  which  appears  to  me 
most  eligible,  is  that  which  divides  them  into  earths  simply, 
^nd  oJAaHne  earttut;  the  latter  partaking  of  the  characters 
both  of  earths  and  alkaUs.    The  alkaline  earths  are  Ba- 
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rytes,  Strontttcs,  Lime,  and  Magnesia.    The  eanhs  are. 
Silcx,  Atumine,  Zircon,  Glucine,  and  Yttria.* 

The  most  impotiant  properties  ol'  the  earths  are  tl 
depending  on  their  nrtation  to  acids,  a  class  of  bodri 
which  will  be  described  in  the  sequel.  In  this  chapter, 
therefore,  I  shall  describe  only  the  effccis  produced  on 
them  by  caloric  i  by.watcrj  by  alltalis  ;  and  their  combina- 
tions with  each  other. 


3t 


Baryies. 
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Harylen  may  be  obtained  in  a  state  of  purilif,  by  die  cil- 
cinatioR  of  its  carlxinate  or  nitrate,  in  a  manner  which 
will  b.  hereafter  described.  It  exhibits,  when  pure,  the 
following  properties. 

I.  Bur^tes,  in  a  pure  form,  has  a  sharp  causae  taste, 
ciianges  vegetable  blue  colours  to  green;  and  serves  as 
the  intermedium  between  oil  and  water :  In  these  respects, 
it  bears  a  strong  resemblance  to  alkalis. 

II.  When  exposed  to  riie  fiame  of  the  blow-pipe  on 
charcoal,  it  melts;  boils  violently;  and  forms  small  glo> 
bules,  which  sink  into  the  charcoal.  If  perfectly  free  from 
water,  however,  it  is  inlu^ble. 

HI.  If  a  small  quantity  of  water  be  added  to  recently- 
prepared  barytes,  it  is  absorbed  with  great  rapidity  ;  pro- 
digious heat  is  excited ;  and  the  water  is  completely  eo- 
lidilied,  a  sort  of  hard  cement  being  obtained.  A  little 
more  water  converts  this  mass  into  a  light  bulky  powder ; 
and,  when  completely  covered  with  waler,  the  bar\'tes  is 
dissolved.  Boiling  water  should  be  employed  fur  this 
purpose  J  unless  sutficient  temperature  has  been  produced, 
liy  the  sudden  addition  of  the  whole  quantity  necessary 
lor  solution. 

IV.  When  the  solution,  prepared  with  boiling  water, 
■dlowed  to  cool  slowly,  it  shoots  into  regular  crystal 
These  tutve  the  form  of  flAttened  hexagon^  prismsi, 
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ving  two  broad  sides,  widi  two  intervening  narrow  ones ; 
and  terminated,  at  each  end,  by  a  quadrai^;idar  pyramid. 

V.  The  crystals  are  so  acduble,  as  to  be  ttdien  up,  when 
heated,  merely  by  their  own  water  of  oystallization. 
When  exposed  to  a  stronger  heat,  diey  swell,  foam,  and 
leave  a  dry  white  powder,  amounting  to  about  47  parts 
from  100  of  the  crystals.  Tlus  again  combines  wiUi  wa* 
ter  with  great  heat  and  violence.  At  60*  of  Fahrenheit, 
an  ounce-measure  of  water  dissolves  only  25  grains  of  the 
crystab,  i.  e.  they  require  for  solution,  17f  times  their 
weight  of  water.  Exposed  to  the  atmosphere,  diey  efflo- 
jresce,  and  become  pulverulent. 

VI.  When  added  to  spirit  of  wine,  and  heated  in  a 
spoon  over  a  lamp,  they  communicate  a  yellowish  colour 
to  its  flame. 

VII.  The  specific  gravity  of  this  earth,  according  to 
Foorcroy,  is  4,  but  Hassenfiatz  states  it  at  only  S,374i 
The  former  account,  however,  is  the  more  probable.  AQ 
its  comhinadons  have  considerable  specific  gravity ;  and 
hence  its  name  is  derived,  viz.  from  the  Greek  word  Cmin 
signifying  heavy. 

VIII.  Barytes  does  not  unite  with  any  of  the  alk^Us. 

.  i 

SECT.  IL  (/ 

Strontitet. 

• 

L  Strontites  (called  also  Stronda,  from  Strontiim  in 
Scotland,  the  place  where  it  was  first  discovered)  resembles 
barytes  in  many  of  its  properties  ;  and  all  that  is  included 
in  the  three  first  paragraphs  of  the  last  section  may  be  ap- 
plied, also,  to  this  earth. 

II.  Like  barytes,  strontites  is  readily  soluble  in  boiling 
water  ;  and  the  solution,  on  cooling,  swords  regular  cr)*6- 
tals  ;  but  the  shape  of  these  differs  considerably  from  that 
of  birytic  crystals.  The  crystals  of  stronutes  are  thin 
quadruigular  plates ;  sometimes  square,  oftentr  paraUelo- 
grams ;  not  exceeding  in  length,  and  not  reachbg  in 
breadth,  a  quarter  of  an  inch.  Sometimes  their  edges  arc 
plain,  but  they  oftener  consist  of  two  facets,  mMting  tc^ 
gether,  and  forming  an  an^e  like  the  roof  W  a  bouse. 


They  adhere  to  each  other  in  such 
thin  plate,  of  an  inch  or  more  in  length,  and  hail- 
in  breadth.     Somi.-tiincs  they  assume  a  cubic  form. 

III.  I'hese  cr\'stals  undergo,  by  the  action  ol  heat,  mucb 
the  same  changes  as  tl»ose  of  barjtts ;  and  leave  only 
about  32  per  cent,  of  the  dry  earth.  One  part  of  the  crys- 
tals requires  about  51  j  of  water  at  the  temperature  o I  60' 
for  solution,  but  boiling  water  takts  up  half  its  weight. 

IV.  Boiling  alcohol,  with  the  addition  ol  these  crysialSf, 
bums  with  a  blood-red  flame. 

V.  Strontites  does  not  combine  with  alkalis.     Bar}- 
has  no  affinity  for  it  ;  for  no  precipitation 
ing  the  watery  solutions  of  the  two  earths. 

From  the  preceding  enumeration  of  its  characters, 
appears  that  strontites  diifurs  from  barjtes,  in  the  differ- 
ent lorm  of  its  crystals,  which  contain  also  more  eombincd 
water,  and  are  less  soluble  than  those  of  barytes  ;  and  in 
affording,  withalcohol,  a  flame  ol  different  colour.  ■  Other 
circumstances  of  distinction  will  be  stated  hereafter. 
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I.  /(*  external  qualities. — These  may  be  exhibited  in 
common  quicklime,  such  as  Is  employed  for  the  purposes 
of  building  or  agriculture.  In  the  same  state,  it  is  suffici- 
ently pure  lor  demonstrating  its  chemical  properties  ;  butf. 
when  used  lor  purimses  of  the  Litter  kind,  it  should  b 
fresh  burnt  from  the  kiln. 

II.  Rditition  of  iime  to  water. 
('/)  Lime  absorbs  water  very  rapidly  with  constderxbte 

heat  and  noise.  This  may  be  shown  by  sprinkling  a  little 
water  on  some  dry  quicklime.  The  above- men tioned 
phenomenn  will  take  place,  and  the  lime  will  fall  into  pow- 
der. Tht  degree  of  heat  produced  is  sufficient  to  set 
fin.-  to  some  inflammable  bodies  ;  and  when  a  large  quan- 
tity of  lime  is  suddenly  slaked  in  a  dark  place,  even  lighl, 
according  to  Peiletier,  is  sometimes  evolved.  The  calo- 
ric, which  is  thus  set  at  liberty,  is  doubtless  that  contained 
in  the  water,  and  essential  to  its  fluidity.  By  combina- 
_ti<M»  With  lime,  water  passes  to  u  solid  state,  and  proba- 
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bly  even  to  a  state  of  much  greater  solidity  than  that  of 
ice.  Hence,  during  this  change,  it  evolvts  more  caloric 
than  during  conversion  into  ice  ;  and  hence  even  ice  it- 
self, when  mixed  with  quicklime,  in  the  proportion  of  one 
to  two,  enters  into  combination,  and  has  its  tempjsrature 
raised  to  312^.  When  a  sufficient  quantity  of  water  has 
been  added  to  reduce  lime  into  a  thin  paste,  this  is  called 
milk  or  cream  of  lime. 

Lime  is,  in  some  degree,  converuUe  into  vapour  by 
combination  with  water.  When  a  piece  of  moist  ned  pa* 
per,  stained  with  the  juice  of  the  violet,  is  held  in  the 
steam,  which  arises  from  lime  suddenly  slaked,  its  colour 
is  changed  from  blue  to  green.  Hence  the  smell  which 
is  perceived  during  the  slaking  of  lime. 

(jH)  Lime  absorbs  moisture  from  the  atmosphere,  and 
falls  gradually  into  powder. 

(c)  Lime  is  very  sparingly  soluble  in  water,  viz.  in  the 

!>it>portion  of  about  1  to  500  ;  and,  when  thus  dissolved, 
brms  what  has  been  termed  lime-water.  This  solution 
tastes  of  lime,  turns  vegetable  blues  to  green,  and  unites 
with  oil,  forming  an  imperfect  soap.  To  prepare  the  to- 
ludon,  Ume  is  to  be  slaked  to  a  thin  paste,  and  a  sufficient 
quantity  of  boiling  water  afterwards  added.  The  mixture 
is  to  be  stirred  repeatedly,  the  lime  allowed  to  settle,  and 
the  clear  liquor  decanted  for  use.  It  must  be  preserved 
in  close  vessels. 

(J)  Lime,  according  to  Tromsdorff,  is  susceptible  of 
crysullization,  by  the  following  process  : — Let  four  parts 
of  Uquid  muriate  of  lime  (a  ^t  which  will  be  described 
in  the  sequel,)  and  one  part  of  lime,  be  mixed  together. 
Boil  die  liquid  till  a  drop,  on  cooling,  assumes  the  consist- 
ence of  syrup  ;  and  then  filter  it  through  a  cloth  into  an 
earthen  vessel,  which  must  be  covered  with  a  lid.  When 
this  liquid  is  allowed  to  cool  slowly,  long  needle-shaped 
crystals  of  pure  lime  are  said  to  shoot  in  it.  The  experi- 
ment succeeds  only,  it  is  asserted,  on  a  large  scale,  and 
when  several  pounds  of  muriate  of  kme  are  employed. 
The  crystals,  thus  obtained,  have  since,  however,  been 
shewn  to  be  merely  a  sub-muriate  of  lime.* 

(e)  Lime  does  not  combine,  in  any  notable  proportion, 
wim  the  alkaUs  or  earths  already  described. 

.     *  BcnboUet,  Midu  Jouni.  8vo.  VII.  319. 


Mackesia  possesses  the  properties  of  an  alkali,  but  ia 
a  considerably  less  degree  llian  any  of  the  foregoing  earths. 
Its  characters  are  as  follow  : 

I.  When  perfectly  pure,  it  is  entirely  destitute  of  taste 
or  smeil. 

IL  Xo  heat  is  excited  by  the  affusion  of  water,  and 
only  a  very  small  proportion,  not  exceeding  1-2000  its 
weight,  of  the  earth  >s  dissolved.  Magnesia  appears,  how 
ever  to  have  some  affinity  for  water ;  for  when  moistened* 
and  al'tcrwards  dried,  its  weight  is  found  increased  in  the 
proportion  of  118  to  100. 

III.  Magncaia  changes  to  green  the  blue  colour  of  the 
violet;  but  the  watery  solution,  when  filtered,  does  not 
produce  a  similar  effect. 

IV.  It  is  not  dissolved  by  liquid  alkalis,  nor  by 
line  eanhs  ;  and  in  the  dry  way,  it  has  no  afhuity  for  bft> 
rytes  or  Etrontites. 


Silex. 


I.  Silicious  earth,  or  silex,  may  be  obtained  tolerably 
pure  from  flints  by  the  following  process  : — Procure  some 
common  gun-flints,  and  calcine  them  in  a  crucible  in  « 
red  heat.  By  this  treatment  they  will  become  britde,  and 
easily  reducible  to  powder.  Mix  them,  when  pulverized, 
with  three  or  four  times  their  weight  of  carbonate  of  pou 
ash,  and  let  tht  mixture  be  fused  in  a  strong  red-heat,  in 
a  crucible.  I'he  materials  must  bear  only  a  small  propor- 
tion to  the  capacity  of  the  crucible  ;  and  the  heat  must 
at  first  be  very  moderate,  and  slowly  increased.  Even 
with  this  precaution,  the  mass,  on  entering  into  fusion, 
will  be  apt  to  overflow  ;  and  must  be  pressed  down  W  it 
rises,  by  an  iron  rod.  When  this  effervescence  has  ceas* 
cd,  ht  the  heat  be  considerably  raised,  so  that  the  mate- 
rials may  be  in  perfect  fiwon  during  half  an  hour,  aod 
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pour  the  melted  mast  on  a  copper  or  iron  diaku  We  shall 
thus  obtain  a  compound  of  alkali  and  silicious  earth.  Dis- 
solve this  in  water,  iikre  the  solution^  and  add  to  it  diluted 
sulphuric  or  muriatic  acid.  An  immediate  precipitation 
wiU  ensue,  and,  as  long  as  this  continues,  add  fresh  pottiona 
of  «cid»  Let  the  precipitate  subside,  pour  off  the  liquor 
that  floats  above  it,  and  wash  the  sediment  with  hot  water, 
till  it  comes  off  tasteless.     Then  dry  it. 

IL  Silicious  earth,  as  thus  obtained,  has  the  following 
qualities : 


(a.)  It  b  perfecdy  white  and  tasteless. 

0 


6L)  When  mixed  with  water,  it  does  not  form  a  cohe- 
sive  massBke  alumine,  and  has  a  dry  and  harsh  feel  to  the 
nngers. 

(c.)  It  is  insoluble  in  water.  Yet,  when  fresh  precipi- 
tated,  water  has  the  property  of  retaining  in  soludon  about 
one-thousandth  of  its  weight.*  That  silex,  however,  is 
dissolved  in  water  by  processes  of  nature,  can  scarcely  be 
doubted,  when  it  is  considered,  that  it  is  found,  in  consif- 
derable  quantities,  in  a  crystallized  form. 

CiL)  It  is  not  acted  on  by  any  acid,  except  the  fluoric. 

(^•)  When  prepared  in  the  foregoing  manner,  and  very 
minuiely  divided,  silex  is  taken  up  by  a  soludon  of  pure 
potash,^  or  of  soda^  but  not  by  ammonia.  In  the  aggreg»» 
ted  state  of  flints,  however,  it  is  perfecdy  insoluble  m  this 
way,  an  excellent  illustration  of  the  princii^e  laid  down^ 
chap.  2.  iiL 

(y^)  When  mixed  with  an  equal  weight  of  carbonate  of 
potash^  and  exposed  to  a  strong  heat  in  a  furnace,  it  foma 
a  glass,  insoluble  in  water,  and  identical  in  all  ha  proper* 
ties  with  the  ^ass  commonly  manufactured.  It  is  owing 
to  the  silicious  earth  which  it  contains,  that  glass  is  de- 
composed by  the  fluoric  acid.  Glass,  however,  has  occa- 
skmally  other  ingredients,  besides  the  two  that  have  been 
i|ientioned» 

(f  .)  With  a  larger  proportion  of  alkali,  as  three  or  four 
parts  to  one  of  sikx,  this  earth  affords  a  compound  called, 
by  Dr.  Bl^ck^siiicated  alkaiu  This  compound,  formed  by 
the  process  which  has  been  just  describr.d,  is  solubk  in 
water,  and  affords  a  good  example  of  the  total  change  of 
the  properties  of  bodies  by  chemical  union ;  for,  in  a  se- 
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parate  state,  no  substance  what<!vcr  is  mnre  difficult  of  at 
luiion  than  sikx.     The  solution  ol'  silicatcd  alkali  was  foti 
mcrly  termed,  liquor  xilicum,  or  liquor  of  fiintis,     Acidft  J 
seise  the  alkali,  and  precipitate  the  sikx,  which  i: 
parated  by  mere  exposure  to  the  atmosphere,  in  conse- 
quence of  the  absorption  of  carbonic  acid  by  the  alkali. 

(/t.)  fiarjtes,  or  strontites,  and  silex  combine  together, 
in  a  manner  similar  to  the  union  of  this  earth  with  alkalis^ 
but  the  combination  has  not  been  applied  to  any  useful 
purpose,  %A 

(i.)  When  a  solution  of  silex  in  potash  is  mingled  with, 
one  of  barj'tea,  of  strantites,  or  of  lime  in  water,  or  of 
alumine  in  alkali,  a  precipitation  ensues.  Hence  silex  may 
be  inferred  to  have  an  affinity  for  all  these  earths,  in  d^ 
humid  wav. 


Alumine, 


d 


I.  Alumine  may  he  obtained  free  from  other  earths,  hut 
atitl  combined  with  carbonic  acid,  by  precipitating  a  solu- 
tion of  alum  in  water  by  the  prystallized  carbonate  of  pot- 

-  ash.  To  secure  its  complete  purification  from  sulphuric 
acid,  Guyton  advises  that  the  precipitate  he  rcdisaolved  in 
nitric  acid,  that  nitrate  of  barytes  be  cautiously  added  t 
the  solution,  till  it  no  longer  occasions  milkin 
liie  alumine  be  afterwards  precipitated,  or  separated  fr 
the  nitric  acid  by  heat.     (Ann.  de  Chim.  xxxii.  64.) 

II.  Alumine  has  the  following  proptriies  : 

1.  It  is  destitute  of  taste  and  smell. 

2.  When  moistened  with  water,  it  forms  a  cohesive  and 
ductile  mass,  susceptible  of  being  moulded  into  a  regular 
form.  It  is  not  soluble  in  water ;  but  retains  a  considera- 
ble quantity. 

3.  It  does  not  affect  blue  vegetable  colours. 

4.  It  is  dissolved  by  the  liquid  fixed  alkalis,  and  is 
cipitaied  by  acids  unchanged.      In  ammonia,  it  is  very 
sparingly  soluble. 

5.  Barytes  and  strontites  combine  with  alumine,  both 
by  fusion  and  in  the  humid  way-     In  the  first  case,  the 


that.^^ 

rron^H 

and 
>br 


SICT.    VI.  ZIRCON.  97 

suit  ia  a  g^enUh  or  blueish  coloured  mass.  In  the  second, 
two  compounds  are  formed*  The  first,  containing  an  ex- 
cess of  alumine,  is  in  the  state  of  an  insoluble  powder ;  the 
other,  having  an  excess  of  the  alkaline  earth,  remains  in 
solution.  Alumtne  may  be  united,  by  fusion,  with  the  fixed 
alkalis,  and  with  most  of  the  earths. 

6.  Alumine,  as  will  be  afterward  shewn^  has  a  strong 
affinity  for  colouring  matter. 

r.  Alumine  has  the  property  of  shrinking  considerably 
in  bulk,  when  exposed  to  heat,  and  its  contraction  is  in 
proportion  to  the  intensity  of  the  heat  applied.  On  this 
property  is  founded  the  purometer  of  Wedgwood^  which 
measures  high  degrees  of  heat,  by  the  amount  of  the  con- 
traction of  regularly  shaped  pieces  of  china  day.  The 
pieces  of  clay  are  small  cylinders,  half  an  inch  in  diameter, 
flattened  on  the  under  surface,  and  baked  in  a  low  red 
heat.  The  contraction  of  these  pieces  is  measured,  by 
putting  them  between  two  fixed  rulers  of  brass  or  porce- 
lain, twenty-four  inches  long,  half  an  inch  distant  from 
each  other  at  one  end,  and  three-tenths  of  an  inch  at  the 
other.  The  rulers  are  divided  into  240  equal  parts,  call- 
ed degrees,  which  commence  at  the  wider  end  ;  and 
each  of  which  is  equal  to  130**  of  Fahrenheit.  When  the 
clay  piece  is  fixed  in  its  place,  before  exposure  to  heat,  it 
is  stationary  at  the  first  degree,  which  indicates  about 
1077**  of  Fahrenheit.  After  being  strongly  heated,  in  a 
small  case  which  defends  it  from  the  fuel,  its  bulk  is  di^ 
minished,  and  it  slides  down,  between  the  converging 
ruleiB,  till  stopped  by  their  approach.  The  number  on  the 
^;niduated  scale,  opposite  to  the  upper  end  of  the  piece, 
indicates  the  degree  of  heat  to  which  it  has  been  exposed. 


SECT.  VII. 

Zircoru 

I.  This  earth  was  dicovered  by  Klaproth  in  the  year 
1789,  in  a  precious  stone  from  the  island  of  Ceylon,  call- 
ed Jargon  or  Zircon  ;  and  has  since  been  detected  in  the 
hyacindi.     It  may   be  obtained  by  the  following  process  : 

Reduce  the  hyacinth  to  fine  ]K>wder,  which  may  be 
done  in  an  agate  mortar,  after  previously  igniting  tlie 
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stone,  and  plunging  it  into  cold  water,  to  render  it  brittle. 
Mix  the  powder  with  nine  limes  its  weight  of  pure  pot- 
ash ;  and  project  it,  by  a  spoonful  at  once,  into  a  red-hot 
cnidble,  taking  care  not  to  add  fresh  portions  til!  the 
former  ones  are  melted.  When  the  whole  is  in  fusion, 
increase  the  heat  for  an  hour  or  an  hour  and  a  hali. 
When  the  crucible  has  cooled,  break  it,  and  detach  its 
contents  ;  reduce  them  to  powder,  and  boil  them  vii&t 
distilled  water.  Let  the  insoluble  part  subside  ;  decant 
the  clear  liquor,  and  wash  the  sediment  with  water,  till 
the  washings  cease  to  precipitate  muriated  barytes.  On 
the  residuum  pour  muriatic  acid  to  excess,  and  boil  it 
during  a  quarter  of  an  hour  ;  filter  the  liquor,  and  evapo- 
rate to  dr\'nes3  in  a  leaden  vessel.  Re-dissolve  the  dry 
mass  ;  filter  again,  and  precipitate  the  zircon  with  carbo- 
nate of  soda.  The  carbonate  of  zircon  is  thus  obtained, 
from  which  the  carbonic  acid  may  be  expelled  by  calci- 

II.  Zircon  has  the  following  properties: 

1,  It  has  the  form  of  a  fme  white  powder,  which  luvl 
somewhat  the  harsh  feci  of  silex,  when  rubbed  betwecB ' 
the  fingers.     It  is  entirely  destitute  of  taste  and  smelL 

S.  It  is  insoluble  in  water;  yet  it  appears  to  have  some 
affinity  for  that  fluid,  for  it  retains,  when  slowly  dried  af- 
ter precipitation,  one-third  its  weight,  and  assumes  a  yel- 
low colour  and  slight  transparency,  like  that  of  gum  Ar^ 
bic. 

3.  It  ia  insoluble  in   pure   liquid   alkalis  ;  nor  does  it" 
even  combine  with  them  by  fusion  ;  but  it  is  soluble  In 
alkaline    carbonates.       In  the   foregoing  process,   there-  " 
fore,  the  carbonate  of  soda  should  not  be  added  to  es- 

4.  Exposed  to  a  strong  heat,  zircon  fuses,  assumes  a 
light  grey  colour ;  and  such  hardness,  on  cooling,  as  to 
strike  fire  with  steel,  and  to  scratch  g^ass. 

5.  Its  action  on  other  earths  has  not  been  fully  ii 
tiggted. 


e 
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SECT.  VIII.  /^ 

Glucinc. 

I.  This  earth  was  discovered  by  Vauquelin,  in  the  year 
1 798.  He  obtained  it  from  the  aqua  marine  or  beryl,  a 
precious  stone  of  a  green  colour,  and  very  considerable 
hardness,  which  is  found  cr}'Mallized  in  Siberia.  Glu* 
cine  has  since  been  detected  in  the  emerald  of  Peru,  and 
in  the  gadolinite.  The  following  process  may  be  em- 
ployed to  separate  it  from  the  beryl : 

Let  the  stone,  reduced  to  a  fine  powder,  be  fused  with 
three  times  its  weight  of  pure  potasii.  To  the  fused  mass 
add  a  quantity  of  water,  and  afterwards  diluted  muriadc 
acid ;  which  last  will  effect  a  complete  solution.  Eva* 
porate  the  solution  to  dryness,  re-dissolve  the  diy  mass, 
and  add  carbonate  of  potash  as  long  as  any  precipitation 
ensues.  Dissolve  the  precipitate  in  sulphuric  acid,  add 
the  sulphate  of  potash  ;  and,  on  evaporation,  crystals  of 
alum  will  be  obtained.  By  this  process  the  alumine  is 
detached.  The  residuary  liquor,  which  yields  no  more 
crystals,  contains  the  glucine,  and  a  small  portion  of  alu- 
nune.  Add  a  solution  of  carbonate  of  ammonia  to  ex* 
cess  ;  this  will  throw  down  the  alumine,  and  the  glucine 
will  remain  dissolved  by  the  superabundant  carbonate. 
When  this  solution  is  evaporated  to  dryness,  and  mode- 
rately heated,  the  alkaline  carbonate  is  expelled,  and  a 
carbonate  of  glucine  remains,  in  the  proportion  of  16 
parts  from  every  100  parts  of  the  stone. 

II.  Glucine  has  the  following  properties  : 

1.  It  is  a  fine  white  and  soft  powder,  resembling  alu- 
mine in  its  sensible  properties  ;  and,  like  that  earm,  ad- 
hering to  the  tongue. 

2.  It  has  no  action  on  blue  vegetable  colours. 

3.  It  does  not  harden,  or  contract,  like  alumine,  by 
heat ;  and  is  infusible. 

4.  It  is  insoluble  in  water,  but  forms  with  it  a  ductile 
paste. 

5.  It  is  soluble  in  liquid  potash  and  soda,  but  not  in  the 
solution  of  pure  ammonia.  In  these  respects  it  agrees 
with  alumine. 


6.  It  ih  soluble  in  carbonate  of  ammonb. 

7.  It  appears,  like  alumine,  to  have  an  allinity  for  co- 
kmring  matter. 

8.  With  the  different  acids  it  forma  combinations, 
which  have  a  sweet  and  rather  astringent  taste.  Henre 
its  name  has  been  derived  from  yJniKK,  signifying  sweet. 


ruria,  I 


■  /tlria. 
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I.  This  earth  was  discovered  in  179+,  by  Prol'i 
dolin,  in  n  stone  frum  Ylierby  in  Sweden,  and  its  title  to 
the  character  of  a  peculiar  earth  rests,  also,  on  the  un- 
questionable auihority  of  Klaproth  and  Vauquelio,  both 
of  whom  have  nuide  it  the  subject  Of  cxpcritncnt.  The 
following  process  for  obtaining  it,  is  described  by  Vau- 
quelin  in  die  30th  volume  of  the  Annates  de  Chimic  : 

Fuse  the  pulverized  stone,  in  the  manner  already  de- 
scribed, with  twice  its  weight  of  potash  ;  wash  the  mass 
with  boiling  distilled  water,  and  filter.  The  filtered  solu- 
tion, which  has  a  beautiful  green  colour,  yields,  during 
evD]>oration,  a  black  precipitate  of  oxide  of  manganese. 
When  this  has  ceased  to  appear,  allow  the  liquor  to 
stand  ;  decant  the  clear  part,  and  saturate  with  nitric 
acid.  Let  the  insoluble  part  be,  also,  digested  with  ex- 
tremely dilute  nitric  acid,  which  will  lake  up  the  soluble 
earths  only,  and  will  leave  undissolved,  the  silex  and 
oxide  of  iron.  Let  the  two  portions  be  miiiglcd  together, 
andevaporatc  to  dryness  ;  then  re-dissolved  and  filtered  ; 
by  which  means  any  remains  of  silex  and  oxide  of  iron 
are  separated.  To  obtain  the  yttna  from  the  nitric  so- 
lution, it  would  be  sufficient,  if  no  other  e;irth  were  pre- 
sent, 10  precipitate  it  by  carbonate  of  ammonia  {  but 
sBiaH  portions  of  lime,  and  of  oxide  of  manganese,  are 
still  present  along  with  it.  The  first  is  separated  by  a 
few  drops  of  carbonate  of  potash ;  and  ihe  manganese, 
Iw  the  tautious  addition  of  hydro-sulphuret  of  potash. 
The  yttria  is  then  to  be  precipitated  by  pure  ammonia, 
WMshcd  abundantly  with  water,  and  dried.  It  aniounts  to 
about  35  per  cent,  of  the  stone. 
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IL  Yttria  has  die  following  properties : 

1.  It  is  perfectly  white;  but  it  is  difficult  to  preseri^e 
it  free  from  a  slight  tinge  of  colour,  ow'ing  to  its  conta- 
mination with  oxide  of  manganese. 

2«  It  has  neither  taste  nor  smell ;  and  it  is  smooth  to  the 
touch,  like  alumine. 

3.  It  is  insoluble  in  water,  and  infusible  by  heat. 

4.  It  is  very  ponderous;  its  specific  gravity  being 
4.842. 

5.  It  is  not  attacked  by  pure  alkalis ;  and,  in  this  re- 
spect, it  differs  from  ghicine  and  alumine,  both  which  are 
aoundandy  soluble  in  hxed  alkalis. 

6.  Like  glucine,  it  is  soluble  in  caihonate  of  ammonia, 
but  five  or  six  times  less  so  than  that  earth ;  or,  in  other 
words,  of  equal  quantities  of  glucine  and  yttria,  the  latter 
requires  for  solution  five  or  six  times  more  of  the  carbone 
of  ammonia  than  the  former. 

7.  It  is  soluble  in  most  acidt;  and  is  precipitated  by 
pure  alkalis,  by  barytes,  and  by  lime. 

8.  From  th^  solutions  it  is  also  precipitated  by  the 
oxahc  acid,  and  by  oxalate  of  ammonia,  in  a  state  resem- 
bling precipitated  muriate  of  silver.  Prussiate  of  potash 
throws  it  down  in  white  small  grains ;  phosphate  of  soda 
in  a  wlute  gelatinous  form;  and  infusion  of  galb  in  brown 
flocculi. 


CHAP.  IX. 


ACIDS   IN   GENERAL. 


Acids  in  general  have  the  following  properties  : 
(a)  They  redden  vegetable  blue  colours.  (N.  15.)  Hence 
blue  vegetable  infusions,  and  the  papers  stamed  with  them, 
are  tests  of  the  presence  of  acids.  To  a  little  of  the  in- 
fusion of  litmus  add  a  drop  of  dilute  sulphuric,  or  any  other 
acid :  The  colour  will  immediately  change  to  red. 

(6)  They  have  a  peculiar  taste^  expressed  b}'  the  term 
acid,  or  sour. 
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(c)   They  comhine  dtcmkalli/  with  alkalis,  andtotallif  liir- 
stroif  llie  peculiar  profitrlics  of  tliose  bodies.     Let  a  few 
ouoce- measures  of  water  be  tinged  blue  with  genuine  sirup 
of  violets:   Add  some  solution  of  pure  potish,  and  the  co- 
lour will  become  green.     Then  gradually  drop  in  sulphu- 
ric acid,  much  diluted ;  and,  if  this   be  done  very  cau- 
tiously, the  blue  colour  will  be  restored.     In   this   state, 
neither  the  alltali  nor  the  acid  is  in  excess  ;  or,  in  other 
I  words,  they  are  enacdy  saturated  by  each  other.     One 
\.i^  the  most  remarkable  properties  of  the   alkali  and  the 
I  acid,  when   separate,  disappears,  therefore,  on   combina- 
tion.    And,  on  further  examination,  it  will  be  found  that 
all  the  other  characteristics  of  the  components  are  lost  in 
the  compound. 


Carbon  aiid  Charcoal.  fN.  16.J 

I.  The  only  form  of  absolute  purity  in  which  catton 
is  presented  to  us,  is  that  of  the  diamond,  which  has  been 
proved,  by  recent  experiments,  to  be  pure  carbon  in  a 
crystallized  slate.  Charcoal,  however,  though  far  from 
being  pure  carbon,  is  yet  sufficiently  so  for  the  purpose 
of  exhibiting  its  combination  with  oxygen.  To  obtain  it 
free  from  contamination,  pieces  of  o^k,  willow,  hazle, 
or  other  woods,  deprived  of  the  bark,  must  be  buried  in 
sand  in  a  crucible,  which  is  to  be  exposed,  covered,  to  the 
strongest  heat  of  a  wind-furnace.  For  purposes  to  which 
charcoal  is  applied  in  a  powdered  state,  it  may  be  puriBed 
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by  washing  it  when  pulverized,  with  diluted  muriatic  acid, 
and  afterwards  with  a  considerable  quantity  of  distilled 
water. 

II.  Charcoal  has  the  following  properties : 

1.  In  its  aggregated  state  it  is  black,  perfectly  insipid, 
and  free  fh>m  smell ;  brittle,  and  easily  pulverized. 

2.  Charcoal  has  the  singular  property  of  absorbing  gases, 
without  alteradon.  Fill  a  jar  with  common  air,  or  any- 
other  gas,  and  place  it  over  dry  mercury :  Take  a  piece  of 
charcoal,  red-hot  from  the  fire,  and  plunge  it  in  the  mer- 
cury of  the  bath  :  When  cold,  let  it  be  passed  into  the 
vessel  of  gas,  without  bringing  it  into  contact  with  the  at- 
mosphere. A  considerable  diminution  of  the  gas  will 
be  speedily  effected. 

3.  From  the  experiments  of  Rouppe  (^Armales  de  Chu 
micy  XXXII.  1.,)  it  appears,  that  if  charcoal,  which  has 
imbibed  oxygen  gas,  be  brought  into  contact  with  hydro- 
gen gas,  water  is  generated. 

4.  Charcoal,  by  long  exposure  to  the  atmosphere,  ab- 
sorbs one-twentieth  of  its  wei^t,  three-fourths  of  which 
are  water. 

5.  Charcoal  resists  the  putrefaction  of  animal  substances. 
A  piece  of  flesh-meat,  which  has  begun  to  be  tainted,  may 
have  its  sweetness  restored  by  rubbing  it  daily  with  pow- 
dered charcoal ;  and  may  be  preserved  sweet  for  some  time 
by  burying  it  in  powdered  charcoal,  which  is  to  be  renewed 
daily.  Putrid  water  is  also  restored  by  the  application  of 
the  same  substance  ;  and  water  may  be  kept  unchanged  at 
sea,  by  charring  the  inner  surface  of  the  casks  which  are 
used  to  contain  it. 

6.  Charcoal  is  a  very  slow  conductor  of  caloric.  The 
experiments  of  Guyton  have  determined,  that  caloric  is 
conveyed  through  charcoal  more  slowly  than  through  sand, 
in  the  proportion  of  three  to  two.  Hence  powdered  char- 
coal may  be  advantageously  employed  to  surround  sub* 
stances  which  are  to  be  kept  cool  in  a  warm  atmosphere  ; 
and  also  to  confine  the  caloric  of  heated  bodies. 


Combustion  ef  Carbon,  and  of  Charcoal. 

1.  In  order  to  effect  ihe  comliuscion  of  the  diamond _ 
it  is  neccsaary  to  keep  it  exposed,  for  a  considerable 
lime,  to  the  focus  of  a  powerful  burning  lens,  and  in  a  ves- 
sel filled  with  oxygen  gas.  This  experiineiit  requires  a 
complicated  apparatus,  which  is  described  and  represented 
by  a  plate  in  the  3Ist  volume  of  the  Annalea  de  Chimse,  or 
the  5lh  of  tlie  Philosophical  Magazine.  Under  these 
drcumstances,  the  diamond  does  not  eshibit  the  appear- 
ance of  an  active  inflammation,  but  is  slowly  and  almost 
insensibly  consumed,  its  outer  surface  first  becoming  black. 
The  temperature,  estimated  to  be  required  for  its  com- 
bustion, is  about  30°  of  Wedgwood,  or  nearly  5000* 
Fahrenheit. 

2.  If  a  piece  of  charcoal  be  introduced  cold  into  oxygeD 
gas,  no  effect  will  ensue  ;  but  if  the  charcoal  be  previous- 
ly made  red-hot,  it  bums  in  this  gas  with  considerable 
brilliancy.  To  perform  this  experiment  with  accuracy,  and 
with  the  proper  attention  to  the  products,  it  shoutd  be 
made  over  mercury.  The  oxygen  will  unite  with  the  car- 
bon i  and  the  product  is  a  compound  of  carbon  and  oxygen, 
which  subsists  over  mercury  in  the  state  of  gas.  On  this 
account,  no  diminutioa  ensues. 

3.  Another  mode  ol  effecting  the  combination  of  car- 
bon with  oxygen,  is  by  driving  the  vapour  of  water  over 
red-hot  charcoal,  in  the  apparatus  fig.  40,  The  water  is 
decomposed  ;  its  oxj  gen  combines  with  the  carbon  j  while 
its  hydrogen  combines  with  another  pordon  of  carbon,  and 
forms  a  compound,  which  will  be  hereafter  described. 

The  union  of  carbon  with  oxygen,  whatsoever  may  be 
the  source  of  the  Utter,  affords  carlwnic  acid.  . 
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SECT.  IIL 

Carbonic  AcicL 

L  The  oxygen  gas  which  has  been  employed  for  the 
combustion  of  the  diamond,  or  of  charcoal,  is  found,  on 
examination,  to  have  undergone  a  remarkable  change. 
The  volume  of  the  gas  remains  unaltered ;  but  it  has  lost 
entirely  its  property  of  supponing  combustion;  extin- 
guishes all  burning  bodies  that  are  immersed  in  it ;  and 
exhibits  other  new  properties,  which  will  presendy  be 
stated.  It  is,  in  fact,  a  combination  of  carbon  or  cUa- 
mond  with  oxygen,  in  the  proportion  of  17*88  of  the 
former  to  82.12  df  the  latter :  and,  having  acid  qualities, 
this  compound  is  termed  carbonic  acid. 

When  100  parts  of  charcoal  are  thus  burned,  they  com- 
bine with  252  by  weight  of  oxygen,  and  give  352  of  car- 
bonic acid.  Hence  it  follows^  that  100  parts  of  carbonic 
acid  contain  28  of  charcoal.  The  latest  experiments  of 
.Lavoisier,  however,  make  the  proportion  only  24  per  cent. 
{Anitaks  de  ChimtCy  XLII.  288.). 

From  a  comparison  of  these  two  experiments,  it  ap- 
pears that  17.88  parts  of  diamond,  ana  24  of  charcoal, 
yield  by  combustion  the  same  quantity  of  carbonic  acid; 
and,  hence,  must  be  equivalent  to  precisely  the  same 
quantity  of  actual  carbon.  The  difference  between  the 
two  numbers  (6.12),  shews  the  quantity  of  oxygen  which 
24  parts  of  charroal  contain :  And,  since  24  parts  contain 
tbl2,  lOOparts  of  charcoal,  must  be  composed  of 

74.5  carbon, 
25.5  oxygen, 

100. 

These  proportions,  I  am  well  aware,  differ  considerably 
from  those  assigned  by  Dr.  Thomson  (Chemistry,  I.  55.^. 
The  difference  arises  from  his  assuming,  with  Guyton,  the 
proportion  of  charcoal  in  carbonic  acid  to  be  28  instead 
of  24rper  cent. 

II.  To  procure  carbonic  acid,  sufficiently  pure  for  the 
exhibition  of  its  properties,  neither  of  the  above  processes 
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of  combustion  is  advisable.  The  student  may,  therefore, 
have  recourse  to  another,  the  rationale  of  which  he  will 
not,  at  present,  understand  ;  but  which  will  be  explained 
afterwards.  Into  a  common  gas-bottle,  put  a  little  pow- 
dered marble  or  chalk,  and  pour  on  this  sulphuric  acid, 
diluted  with  five  or  six  times  its  weight  of  water.  A  gi^ 
will  be  produced,  which  those,  who  have  an  opportuniqi', 
may  receive  over  mercury  ;  but  a  mercurial  apparatus  iS 
not  absolutely  essential,  since  the  gas  may  be  collected 
over  water,  if  used  immediately  when  procured.  Its  pro- 
perties arc  the  following: 

(a)  It  extinguishes  fame Set  a  vessel,  filled  with  tbc 

gas,  with  its  mouih  upwards,  and  let  down  a  lighteAl 
candle.     The  candle  will  instantly  be  extinguished.  ' 

A  person,  says  Dr.  Priestley,  who  is  quite  a  stranger  «> 
the  properties  of  this  kind  of  gas,  will  be  agreeably  amu- 
sed with  extinguishing  lighted  candles,  or  blazing  chips 
of  wood,  on  its  surface.  For  the  smoke  readily  unitea 
with  this  kind  of  air  ;  so  that  little  or  none  of  it  escapet 
into  the  atmosphere.  It  is  remarkable,  that  the  uppet 
surface  of  this  smoke,  floating  in  the  fixed  air,  is  smooA 
and  well  defined ;  whereas  the  lower  surface  is  excee<ll< 
ingly  ragged,  several  parts  hanging  down  to  a  consiclci> 
able  distance  within  the  body  of  the  caibomc  acid,  and 
sometimes  in  the  form  of  balls,  connected  to  the  upper 
stratum  by  slender  threads,  as  if  they  were  suspend*  "  ' 
The  smoke  is  also  apt  to  form  itself  into  broad  flakes, 
actly  like  clouds.  Making  an  agitation  in  this  air, 
sur&ce  of  it  (which  stilt  continues  exacdy  defined)  ^ 
thrown  into  the  form  of  waves  ;  and  if,  by  this  a^tatiOD, 
any  of  the  carbonic  acid  be  tlirown  over  the  sides  of  the 
vessel,  the  smoke,  which  is  mixed  with  it,  will  fall  to  the 
ground,  as  if  it  was  so  much  water. 

(A)  /(  Is  fatal  to  animals. — Put  a  mouse,  or  other  small 
animal,  into  a  vessel  of  the  gas,  and  cover  the  vessvL,  to 
prevent  the  contact  of  common  air.  The  animal  will  die 
in  the  course  of  a  minute  or  two. 

By  means  of  this  gas,  butterflies,  andother  insects,  tiMf 
colours  of  which  it  is  desirable  to  preserve,  for  the  piMw 
pose  of  cabinet  specimens,  may  be  suffocated  better  thi"' 
by  the  common  mode  of  killing  ihem  with  the  fumes 
sulphur. 
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(c)  ThU  goi  t#  heavier  than  common  at r*««*Let  a  long 
gkM-tube,  proceeding  from  a  gas-botde  coQtaining  the 
materials  (No.  1»),  be  twice  bent  at  right  angles :  I^t  th< 
open  end  of  the  longer  leg  reach  the  bottom  of  a  glaas* 
jar,  perfiDcdy  dry  wimin,  mi  standing  with  its  mouth  up* 
pennost.  The  carbonic  acid  will  exppl  the  common  gir 
from  the  jar,  because  it  is  heavier. — ^This  superior  ^;ravity 
may  be  further  shewn  as  follows  :  When  the  jar  u  per* 
fincdy  filled  with  the  gas,  (which  may  be  known  by  a 
lighted  candle  being  instandy  extinguished  when  let 
down  into  it),  take  another  jar,  of  rather  smaller  size,  and 
place  at  the  bottom  of  it  a  lighted  taper,  supported  by  a 
stand :  Then  pour  the  contents  of  the  first^men^oned  jar 
into  the  second,  as  if  you  were  pouring  in  water.  The 
candle  will  be  instantly  extinguished,  aa  effectoaUy  as  if  it 
had  been  immersed  in  waler. 

It  is  owing  to  its  superior  gravity,  that  carbonic  acid 
gas  is  o&en  found  at  toe  bottom  of  deep  wells  and  fif 
mines,  the  upper  part  of  which  is  entirely  free  fivMn  i^ 
Hence  the  precaution,  used  by  the  sinkers  of  wells,  pf 
ktting  down  a  candle  before  they  venture  to  descend  in 
fenon* 

(d)  Carbonic  add  gas  is  absorbed  by  water. — Fill  partly 
n  jar  with  this  gas,  and  let  it  stand  a  £ew  hours  over  wa- 
ter. An  absoipdon  will  gradually  go  on,  till  at  last  none 
ariB  renuuti.  This  absorption  is  infinitely  quicker  when 
agMation  is  used.  Repeat  the  above  experiment,  with 
this  diffsrence,  that  the  jar  must  be  shaken  strongly.  A 
very  rapid  dimmution  will  now  take  place.  In  this  man- 
ner water  may  be  charged  with  nearly  its  own  bulk  of 
carbonic  acid  gas  ;  and  it  acquires,  when  thus  saturated,  a 
very  brisk  and  pleasant  taste.  This  impregnation  is  moat 
conunodiously  ef&cted  by  an  apparatus,  sc^d  in  the  glass- 
ahops,  under  the  name  of  Nooth's  machine. 

(r)  From  waier^  thus  impregnated^  carbonic  acid  is  again 
§H  at  liberty^  on  botUng  the  water ^  or  by  exposing  it  under 
the  receiver  of  an  air-pump. — During  exhaustion,  the  gas 
will  escape  so  rapidly,  as  to  present  the  appearance  of 
jcbnllition ;  and  will  be  much  more  remarksible  than  the 
discharge  of  air  from  a  jar  full  of  common  spring  water, 
confined,  at  the  same  time,  under  the  receiver,  as  a  stan- 
dard of  comparison. 
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mhrkably,  if  oxygen  gas  be  substituted  for  common  sur. 
The  carbonic  acid,  thus  fonned  during  combustion,  by  its 
admixture  with  tl^  residuary  air,  renders  it  unfit  for  sup- 
porting flame,  sooner  than  it  otiierwise  would  be.  Hence, 
if  a  candle  be  burnt  in  oxygen  gas,  it  is  extinguished  long 
before  the  oxygen  is  totally  absorbed,  because  the  admix* 
ture  of  carbonic  acid  with  oxygen  gas,  in  considerable  pro- 
portion, unfits  it  for  supporting  combustion.  Whenever 
any  substance,  by  combustion  in  oxygen  gas  or  common 
air  over  lime  water,  gives  a  precipitate,  soluble  with  effer- 
vescence in  muriatic  acid,  we  may  confidentiy  infer  that  it 
contains  carbon. 

(i)  The  respiration  of  animals  is  another  source  ofcarbO' 
nic  acid. — On  confining  an  animal,  in  a  given  portion  of 
atmospheric  air,  over  lime  water,  this  produaion  of  car- 
bonic acid  is  evinced  by  a  precipitation.  The  same  effect 
is  also  produced  more  remarkably  in  oxygen  gas.  The 
production  of  carbonic  acid,  by  respiration,  may  be  prov- 
ed, also,  by  blowing  the  air  from  the  lungs,  with  the  aid 
of  a  quiU,  through  lime  water,  which  will  immediately 
grow  milky.  The  carbonic  acid,  thus  added  to  the  air, 
unfits  it  for  supporting  life,  not  merely  by  diminishing  the 
proportion  of  oxygen  gas,  but  apparentiy  by  exerting  a  po- 
sitively noxious  e&ct.  Hence  a  given  quantity  of  air  will 
support  an  animal  much  longer,  when  the  carbonic  acid  is 
removed  as  fast  as  it  is  formed,  than  when  suffered  to  re- 
main in  a  state  of  mixture.  It  has  been  found,  that  an 
atmosphere,  consisting  of  oxygen  gas  and  carbonic  acid,  is 
fittal  to  animals,  though  it  contains  a  larger  proportion  of 
oiygen  than  the  air  we  commonly  breathe. 

(/)  Carbonic  acid  retards  die  putrefaction  of  animal 
tomtances.  This  may  be  proved,  by  suspending  two 
^ual  pieces  of  flesh-meat,  the  one  in  common  air,  the 
odier  in  carbonic  acid  gas,  or  in  a  vessel  through  which 
a  stream  of  carbonic  acid  is  constantly  passing.  The  lat- 
ter wilt  be  preserved  untainted  some  time  after  the  other 
has  begun  to  putrefy. 

(m)  Carbonic  acid  gas  exerts  pciverful  effects  on  iivmg 
XfegetMes. — ^These  »ects,  however,  vary  according  to  the 
mode  of  its  application. 

Water,  saturated  widi  this  gas,  proves  highly  nutritive, 
when  af^ed  to  the  roots  of  plants.  The  carbonic  acid 
is  decomposed,  its  carbon  forming  a  component  part  of 
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the  veg;etable,  and  its  ox>'gen  being  liberated  ia  st  gaacow    i 
form.  J 

On  tlic  cotunuy,  carfaoDK  acid,  applied  as  an  ainuMr  I 
phere,  by  coafintng  a  living  vegetable  in  the    undiluted 
gas  over  water,  is  injuriouB  to  the  health  of  the  plant,  «»• 
pecially  in  the  shade.     M.  Sauasure  Juti.  found,  that  a 
proportion  of  carbonic  acid  in  common  air,  grcaier  than 
one-eighth,  is  always  injurious  to  veg<.>tation  ;  but  that  i^  , 
this  proportion   it  promotes  the  growth  of  plants,  and  iu 
mttnifestly  decomposed.  ^M 

III.  Carbonic  acid  is  susceptible  of  combioation  wiA| 
alkalis,  tanlis,  and  metals,  and  forms  an  order  of  com* 
pounds,  termed  carbonates.     At   present,    however,    we 
&hali  only  attend  to  the  results  of  its  union  with  alkalis. 


Akt.  h— Carbonate  of  Potash. 

(a)  Carbonic  acid  gas  is  acrt/ abundantly  absorbed  by  ^ 
aolution  of  pure  potash.  The  simplest  mode  of  show;*  _^ 
this  fact  is  the  following:  Fill  a  common  phial  with  carba^ 
nic  acid  gas  over  water  (  and,  when  full,  stop  it  by  applying 
the  thumb.  Then  invert  the  bottle  in  a  solution  of  pure 
potash,  contained  in  a  cup,  and  rather  more  ia  quandty 
than  is  sufficient  to  fill  the  bottle.  The  solution  will  rise 
into  the  bottle,  and,  if  the  gas  be  pure,  will  fill  it  entirely. 
Pour  out  the  alkaline  liquor,  fill  the  bottle  with  water, 
and  again  displace  it  by  the  gas.  Proceed  as  before,  and 
repeat  the  process  several  times.  It  will  be  found  that  the 
solution  will  condense  many  times  its  bulk  of  the  gas ; 
whereas  water  combines  only  with  its  own  volume. 

This  experiment  may  be  made,  in  a  much  more  strik- 
ing manner,  over  mercurj-,  b;-  passing  into  a  jw,  about 
three-fourths  lilled  with  this  gas,  a  comparaiively  small 
bulk  of  a  solution  of  pure  potash,  which  will  condense  the 
whole  of  the  gas.  If  dry*  potash  be  substituted  in  this  «^ 
periment,  no  change  will  ensue  ;  which  proves,  that  BOlu- 
lion  ia  essential  (o  the  action  of  alkalis  on  this  gas. 
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(fc)  The  chrn^i  effeded  in  the  alkaB  matf  next  be  exa^ 
nnned.'^lt  will' be  (bund  to  have  lost  much  of  its  com> 
dhre  and  penetrating  taste,  a<id  will  no  longer  destroy  the 
texture  of  woollen  doth  ;  but  it  stiH  turns  to  green  the  blue 
ifilbsion  of  Tegetables.  Before  its  absorption  of  this  gas, 
no  remarkable  change  ensued  on  mixing  it  with  diluted 
solphuric  acid  ;  but  if  diis,  or  any  other  acid,  be  now  add- 
ed,  a  violent  effervescence  will  ensue,  arising  from  the  es- 
cape of  the  gas  that  had  been  previously  absorbed.  If 
the  mixture  be  made  in  a  gas-bottle,  the  gas,  that  is  evoU 
ved,  may  be  collected,  and  will  be  fixmd  to  exhibit  every 
diaracter  of  carbonic  acid. 

(r.)  In  this  state  of  sub-saturation  with  carbonic  acid, 
potash  generally  occars  in  the  arts.  The  potash  and 
pearlash  of  commerce,  and  the  sak  of  tartar,  and  salt  of 
wormwood  of  the  shops,  are  sub-carbonates  of  potash,  of 
different  degrees  of  purity.  The  quantity  of  carbonic 
acid,  contained  in  these  alkalis,  may  be  learned  by  a  very 
simple  experiment.  Put  one  or  two  hundred  grains  c^ 
the  alkali  into  a  Florence  flask,  and  add  a  few  ounce- 
measures  of  water.  Take  also  a  phial  filled  with  dilute 
sulphuric  acid,  and  jilace  this,  as  well  as  the  flask,  in  one 
scale.  Balance  the  two,  by  putting  weights  into  the  op- 
posite scale  ;  and,  when  the  equilibrium  is  attained,  pour 
gradually  the  acid  into  the  flask  of  alkali,  till  an  effierves- 
cence  no  longer  ensues.  When  this  has  ceased,  the  sode 
concaining  the  weights  will  be  found  to  preponderate. 
This  shows  that  the  alkali,  by  combination  with  an  add, 
loaes  t9bnsideraUy  of  its  weight;  and  the  exact  amount 
of  the  toss  may  be  ascertained,  by  adding  weights  to  die 
aerie  conta^iing  the  fliask  and  phial,  till  the  balance  is  re* 
aeored. 

(fL)  As  it  is  someumes  of  importance  to  know  what 
proportion  of  real  alkali  a  given  weight  of  potash  or  pearl- 
ash  contains,  it  may  be  proper  to  point  out  how  thb  in- 
formation may  be  acquired.  The  strength  of  the  alkali 
is  m  propcMtiott  to  the  quantity  of  any  add  required  to  sa- 
turate it.  Thus,  if  an  ounce  of  one  kind  of  potash  re- 
quires, for  saturation,  a  given  quantity  of  sulphuric  add, 
and  an  ounce  of  another  kind  requires  twice  that  quanti- 
ty, the  latter  is  twice  as  strong  as  the  former.  In  order, 
however,  to  obtain  a  suffidently  accurate  standard  of  com- 
parison^  it  wiH  be  necessary  to  employ,  constandy,  an  acid 
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of  the  same  strength.  This  may  be  eHected,  though  not 
with  absolute  uoiFarmit)',  yet  sufficient  for  ordinary  pur> 
poses,  by  diluting  the  common  oil-of>ritriol  of  commerce 
to  the  same  degree.  For  example,  let  the  standard  acid 
consist  of  one  part  of  sulphuric  acid  and  five  of  water. 
The  strength  of  an  alkali  wiU  be  learned,  by  observing 
what  quantity  of  this  acid  a  given  quantity  of  alkali  re- 
quires for  saturation.  For  this  purpose,  put  half  an  ounce 
of  the  alkali,  or  any  other  definite  weight,  into  ajar  with 
a  few  ounces  of  water,  and  filtre  the  solution  :  weigh  the 
dilute  acid  employed,  before  adding  it  to  the  alkali  ;  then 
pour  it  in  graduall)',  till  the  effervescence  ceases,  and  till 
the  colour  of  litmus-paper,  which  has  been  reddened  with 
vinegar,  ceases  to  be  restored  to  blue.  When  this  hap- 
pens, the  point  of  saturation  will  be  attained.  Weigh 
the  bottle,  to  ascertain  how  much  acid  has  been  added, 
and  the  loss  of  weight  will  indicate  the  strength  of  the  al- 
kali. Another  less  accurate  mode  of  determining  the 
Strength  is  founded  on  the  following  property  of  carbon- 
ate of  potash. 

(e.)  Hub-carbonate  ofpotanh  dissohes  very  readily  in  -wa- 
ter, which,at  the  ordinary  Umperature,  taAea  up  more  than 
its  own  ■weight, — Hence,  when  an  alkali,  which  should 
consist  almost  entirely  of  sub-carbonate  of  potash,  is 
adulterated,  as  ver>-  often  happens,  with  substances  of 
litUt:  solubility,  the  fraud  may  be  detected  b)'  trying  how 
much  of  one  ounce  will  dissolve  in  two  or  three  ounce- 
measures  of  water.  In  this  way  I  have  detected  an  adul- 
teration of  one-third.  There  are  certain  substances  of 
ready  solubility,  however,  which  ma)'  be  used  in  adulte- 
Cating  ashes,  as  common  salt  for  example;  and,  when 
this  is  done,  we  must  have  recourse  to  the  above-men- 
tioned test  for  the  means  of  discover}'. 

(/.')  Sub-carbonate  of  potash,  when  exposed  to  the  at- 
mosphere, attracts  so  much  moisture,  as  to  pass  to  a  li- 
quid state.     This  chiuige  is  termed  ddiquenceme. 

(^.)  When  submitted,  in  a  crucible,  to  a  high  tempera- 
ture, a  part  only  of  its  carbonic  acid  is  expelled.  The  al- 
kali runs  into  fusion,  and  the  fused  mass  still  effervesces 
ondte  addition  of  an  acid. 

(/(.)  Carbonate  of  potash,  in  the  states  which  have  been 
alread)  described,  is  far  from  being  completely  saturated 
with  acid.    This  sufficiently  appears  from  its  strongly  al- 
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taste.  It  may  be  much  more  highly  rbai^d  with 
carbonic  acid,  by  exposing  its  solution  to  str  ams  of  car- 
bonic acid  gas,  in  a  Nooth  s  machine,  or  other  apparatus. 
When  a  solution  of  alkali,  after  this  treatment,  is  slowly 
evaporated,  it  forms  regular  ciystals.  In  this  state  the 
alkali  constitutes  the  crystallized  carbonate  of  potash, 
which  contains,  per  cent.  40  parts  of  potash,  43  of  acid, 
and  17  of  water.  It  has  therefore  a  much  larger  pro- 
portion of  water  and  of  acid  than  the  common  carbonate, 
100  parts  of  which  are  composed  of  70  parts  of  alkali, 
23  of  acid,  and  5  of  water. 

(i)  The  CARBONATE  OF  POTASH  differs  from  the  sub« 
caibonate  in  the  following  particulars. 

1.  In  the  greater  mildness  of  its  taste.  It  may  be  ap- 
plied to  the  tongue,  or  taken  into  the  stomach,  without 
exciting  any  of  that  burning  sensadon  which  is  occasioned 
by  the  sub-carbonate. 

2.  It  is  unchanged  by  exposure  to  the  atmosphere. 

3.  It  assumes  the  shape  of  regular  crystals,.  The  form, 
of  these  crystals  is  a  four-sided  prism,  with  dihedral  tri- 
angular summits,  the  facets  of  which  correspond  with  the 
solid  angiles  of  the  prism.  * 

4.  It  reqmres,  for  solution,  four  times  its  weight  of  wa- 
ter at  60^.  Boiling  water  dissolves  5-6ths  of  its  wei^t ; 
but,  during  this  solution,  the  salt  is  pardy  decomposed^ 
as  is  manifested  by  the  escape  of  carbonic  acid  gas. 

5.  By  calcination  in  a  low  red-heat,  the  portion  of 
carbonic  acid,  which  imparts  to  this  salt  its  characteristic 
properties,  is  expelled,  and  the  salt  returns  to  the  state  of 
a  sub-caibonate. 

(if)  Carbonate  of  potash,  in  all  its  forms,  is  decom- 
posed by  the  stronger  acids ;  as  the  sulphuric,  nitric,  and 
muriatic,  which  unite  with  the  alkali,  and  set  the  gas  at 
liberty. 

This  may  be  shewn  by  pouring,  on  the  carbonate  con- 
tained in  a  gas  botde,  any  of  the  acids,  and  collecting  the 
gas  by  a  proper  apparatus. 

The  carbonate  of  soda  is  known  in  commerce  by  the 
names  of  barilla,  kelp,  fossil  or  mineral  alkali,  &c. ;  but 
as  applied  to  the  uses  of  the  arts,  it  is  never  met  with 
pure. 

P 


^ 


t:ARBONATE   OF    SODA. 


Art.  II. 


irbonate  of  Soda.     (N.  17.) 


(a)  The  &bsorptioii  of  carbonic  acid  gas,  b)'  a  sotutioa 
of  jmre  soda,  may  be  exhibited  by  experiments  similar  to 
those  directed  to  be  made  on  the  solution  of  potash.  In- 
deed, every  thing  that  has  been  said  of  the  preceding 
carbonate  will  apply  to  thia  ;  except  that  the  carbonate 
of  soda  has  a  less  strong  affinity  for  water.  Hence  it 
continues  dry,  when  exposed  to  the  atmosphere,  and  even 
give*  up  a  part  of  its  water  of  cnsiallizaiion,  the  crystals 
losing  iheir  transparency  and  something  of  their  weight. 
Hence,  ^so,  it  n-quircs  a  greater  nuantity  of  water  for 
solution,  than  common  carbonate  of  potash,  water  uikln^ 
i^j  only  half  its  weight.  The  ayslals,  too,  diflcr  conr* 
derably  in  form  and  size  from  those  of  the  former 
nate,  being  decahedrons,  which  are  composed  of 
lbur-«ided  pyramids,  applied  base  to  base,  and  having 
their  apices  truncated.  They  frequently,  also,  present 
Urge  transparent  flat  rhomboidat  prisms.  Water,  of  the 
temperature  of  60",  lakes  up  half  its  weight ;  and  boiling 
water  rather  more  than  its  own  weight.  In  100  parts, 
this  salt  contains,  according  to  Bergman,  16  carbonic  acid, 
30  soda,  and  64  water. 


:on^-^^H 
arbo^^^l 
tw»^| 


Art.  1 


—Carbonate  of  Ammonia..  I 

[a)  Ammonia,  in  its  pure  state,  exists  in  the  form  of  a 
gas,  permanent  over  mercurs-  only  ;  and  carbonic  acid 
has,  also,  the  form  of  an  aerial  fluid.  But,  when  these 
two  gases  are  mixed  together  over  mercury  in  proper  pro* 
portions,  (viz.  one  measure  of  carbonic  acid  to  two  or 
three  of  alkaline  gas)  they  both  quit  the  state  of  gas,  and 
are  entirely  condensed  into  a  white  solid  body,  termed 
carbonate  of  ammonia. 

Those  persons  who  are  not  possessed  of  a  mercurial 
trough,  may  compose  the  carbonate  of  ammonia  in  the 
lullowing  manner.  Provide  a  globular  receiver,  having 
two  open  necks  opposite  each  other.  Into  one  of  these 
introduce  the  neck  of  a  retort,  containing  carbonate  of 
lime  and  dilute   sulphuric  acid,  from  which  a  constant 
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•Cream  of  carixmic  acid  will  ksoc  The  nner  waxbce  of 
the  ^obe  wUl  remam  perfecdj  unclouded.  laco  die  op- 
posite opentDg,  kt  die  moodi  of  a  rettxt  be  introduced, 
oontaining  die  materiab  for  aMmnniaral  gn.  (Qnp.  VII. 
Sect.  8.).  The  ioner  surfine  of  die  gbbe  will  now  be  co- 
vered widi  a  dense  crust  of  caibonate  of  ammonia. 

The  carbonate  of  ammonia  nuqr  also  be  farmed,  bf 
p^wqg^  into  a  jar  S-4chs  filled  widi  caibonic  acid  over 
mercury;  a  sohilMm  of  pure  ammonia,  which  wiD  instandr 
efiect  an  absorption  of  the  gas.  The  oidinaiy  oKxle  of 
producing  it  for  usc&d  puiposes  will  he  dcacfibcd  here- 
after. 

(b»)  Caibonate  of  ammonia  retains,  in  a  considefafaie 
degree,  the  pungent  smdlof  die  pure  vofadle  dkafi.  |t 
as,  also,  unlike  me  odier  carbonates,  vobtifizied  hy  a  very 
moderste  beat,  and  evaporates  withoot  enteiing  previons- 
ly  iniD  a  liquid  state.  The  vapour  Aat  arises  may  be 
again  condensed  in  a  solid  state  ;  aflbrding  an  ezamf:^  of 
mMimatimu  This  maf  be  shewn,  by  apptying  heat  to  the 
carbonate  of  ammonia  in  a  retort,  tx>  which  a  receiver  is 
pdaptad.  The  carbonate  wiB  rise,  and  be  condensed  in 
die  receiver  in  the  farm  of  a  white  crust. 

(c.)  This  caibonate  does  not  attract  mcnstm«  from  the 
air,  but,  on  the  cootray,  loses  weight. 

(dl)  Carbonate  of  ammonia,  tike  diose  of  potash  and 
soda,  converts  vegetable  bhie  colours  to  green,  as  the  pure 
alksdis  do. 

(^•)  It  b  soluble  in  rather  less  than  twice  its  wdght  of 
cold  water,  or  in  an  equal  weight  of  boiling  water.  At 
the  latter  temperature,  however,  it  is  pardy  decomposed, 
wd  a  violent  effervescence  ensues. 

(/I)  In  composidon  it  varies  considerably,  according 
to  the  temperature  in  which  it  has  been  formed.  Thus, 
caibonate  of  ammoma,  which  has  been  produced  in  a 
temperature  of  300^  Fahrenheit,  contains  50  per  cent,  of 
alkali ;  while  carbonate  farmed  at  60*  contuns  only  SO  per 
cent. 

Qj".)  It  is  decomposed  by  pure  potash  and  pure  soda ; 
and  fa^  the  sub-carbonates  of  diose  alkalis,  which  attract 
its  carbonic  acid,  and  expel  the  alkali.  Hence  it  has 
been  recommended,  by  BerthoUet,  to  employ  th'is  salt  for 
the  full  saturation  of  potash  with  carbonic  add,  w^ 
may  be  accomplished  by  the  following  process. 


116 

To  a  fittered  solution  of  four  pounds  of  pearl>ash  in  tour 
qunrts  of  water,  add  two  pounds  of  carbonate  of  ammonia; 
reduced  to  powder  ;  and  stir  the  mixture  at  intervals,  tilt 
thi-  carbonate  of  ammonia  is  entirely  dissolved,  t'ilier 
the  liquor,  and  put  it  into  a  retort,  which  may  be  set  in  m 
satid-bath,  and  be  connected  with  a  receiver.  A  very 
gentle  heat  is  to  be  applied  ;  so  as  to  distil  off  about  half  ■ 
pint  of  the  liquor,  which  will  couiiiat  ot  a  solution  oi 
carbonate  of  ammonia  in  water.  The  liquor  in  the  retort 
may  either  be  allotved  to  cool  in  it,  or  be  transterrcd  into 
a  Sat  evaporating  dish  of  Wedgwood's  ware.  When 
cold,  crystals  of  the  carbonate  ol  potash  will  probably  be 
formed  -,  otherwise  another  portion  must  be  distilled  off, 
and  this  must  be  repeated  till  die  crystals  appear;  bcparate 
the  first  crystals  that  are  formed ;  and,  on  repeating  ihe  dis- 
tillation and  cooling,  fresh  sets  will  appear  in  succession. 
A  considerable  portion  of  the  solution,  however,  will  re- 
fuse to  crysiallize.  This  maj'  be  boiled  to  drjTiess,  and 
applied  to  the  purposes  of  suh-carbonate  of  potash.  The 
crystals  of  carbonate  of  potash  may  be  washed  with  a 
small  quantity  of  cold  water,  and  dried  on  blotting  paper; 
or,  if  they  are  required  of  great  purity,  they  may  be, 
dissolved  in  cold  water,  and  re -crystallized,  using 
gendest  heat  possible  in  evaporating  the  soluboo. 


Art.  IV. — Carbonate  of  Bari)tes. 


I.  Pure  barytes  has  a    very  powerful  affinity  for 
bonic  acid. 

1.  Let  a  solution  of  pure  barytes  be  exposed  to  the  at- 
mosphere. It  will  soon  be  covered  with  a  thin  white 
pellicle  ;  which,  when  broken,  will  fall  to  the  bottom  of 
the  vessel,  and  be  succeeded  by  another.  This  may  be 
continued,  till  the  whole  of  the  barytes  is  separated. 
The  effect  arises  from  the  absorption  of  carbonic  acid, 
which  is  alwa>s  diffused  through  the  atmosphere,  and 
which  forms  with  barytes  a  subsunce,  viz.  carbonate  of 
barytes,  much  less  soluble  than  the  pure  earth. 

2.  Blow  the  air  from  the  lungs,  by  means  of  a  quill,  a 
tobacco  pipe,  or  glass  tube,  through  a  solution  of  barytes. 
The  solution  will  immediately  become  milky,  for  the 
reason  as  before. 

3.  With  a  solution  of  pure  barytes,  mingle  a  little  i 
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impregnated  with  carbonic  acid.     An  immediate  preci- 
intation  of  carbonate  of  barytes  will  ensue. 

4i.  Barytes  has  so  strong  an  affinity  for  carbonic  acid, 
as  even  to  take  it  from  odier  bodies.  To  a  solution  of  a 
small  portion  of  carbonate  of  potash,  of  soda,  or  of  am- 
monia, add  the  solution  of  barytes.  The  barjrtes  will  se* 
parate  die  caibonic  acid  from  the  alkali,  and  will  fall  down 
in  the  state  of  a  carbonate.  By  adding  a  sufficient  quan- 
tity of  a  solution  of  barytes  in  hot  water,  the  whole  of 
the  carbonic  acid  may  thus  be  taken  from  a  carbonated  al- 
kali ;  and  the  alkali  will  remain  perfecdy  pure. 

11. — 1.  Carbonate  of  barytes  is  nearly  insoluble  in  wa- 
ter, which,  at  60^,  does  not  take  up  more  than  ^^^  part, 
or,  when  boiling,  about  t^v  Water  impregnated  with 
carbonic  acid  dissolves  a  considerably  largtrr  proportion. 

2.  Carbonate  of  barytes  is  perfectly  tasteless,  and  does 
not  alter  vegetable  blue  colours.  It  acts  as  a  violent 
poison.  ' 

3.  The  combination  of  carbonic  acid  with  barytes  may 
either  be  formed  artificially,  as  in  the  manner  already  de- 
scribed, and  by  other  processes,  to  be  detsuled  in  the  se- 
quel, in  wMch  case  it  is  termed,  the  artificial  carbonate : 
Or  it  may  be  procured,  ready  formed,  bom  the  earth,  and 
is  then  called  the  nathe  carbonate.  It  is  not,  however,  a 
very  common  production  of  nature.  The  largest  quan- 
tity, hitherto  discovered,  is  in  a  mine,  now  no  longer 
worked,  at  Anglezark,  near  Chorley  in  Lancashire. 

4.  The  native  and  artificial  carbonates  differ  in  the 
proportion  of  their  components.     The  former  contains, 
in  100  parts,  20  acid  and  80  barytes.     The  artificial,  ac- 
cording to  Pelletier,  consists  of  22  acid,  62  earth,  and  16 ' 
water. 

5.  Carbonate  of  barytes  is  decomposed  by  an  intense 
heat ;  its  carbonic  acid  being  expelled  ;  and  the  barytes 
renuuning  pure.  The  artificial  carbonate  is  most  readily 
decomposed  ;  but  the  native  one  is  generally  employed 
for  obtaining  pure  barytes,  because  it  may  be  had  in  con- 
siderable quantity.  'Die  process,  which  I  have  found  to 
answer  best,  is  nearly  that  of  Pelletier.  Let  the  native 
carbonate  be  powdered,  and  passed  through  a  fine  sieve. 
Work  it  up  with  about  an  equal  bulk  of  wheaten  flour 
into  a  ball^  adding  a  sufficient  quantity  of  water.  /  Fill^a 
cmdUe  of  proper  rize,*  about  one-third  its  height,  with 
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powdered  charcoal ;  place  the  ball  on  this  ;  ami  surrouo^  j 
and  cover  it  with  the  same  powder,  so  as  to  prevent  its  I 
coming  into  contact  with  the  sides  of  the  crucible.  Lut^  1 
on  a  cover  ;  and  expose  it  for  two  hours,  to  the  most  vicy  | 
lent  heat  that  can  be  raist^d  in  a  wind  furnace.  Let  thg  I 
ball  be  removed  when  cold.  On  the  addition  of  water.  J 
it  will  evolve  great  heat,  as  already  described  (Ch.  VIII.J 
and  the  barytes  will  be  dissolved.  The  filtered  solution, 
on  cooling,  will  shoot  into  beautiful  crystals. 

6.  Carbonate  of  barytes  is  decomposed  by  the  sulphu- 
ric, nitric,  muriatic,  and  various  other  acids,  which  de* 
uch  the  carbonic  ackl,  andcombioe  with  the  earth. 


Art.  v. — Carbomite  of  SiroTitites, 

The  relation  of  strontites  to  carbtmic  acid  resembl 
very  closely,  that  of  barjtes  ;  and  all  the  cxperimcnta,  df 
reeled  to  be  made  with  the  solution  of  the  latter  earth, 
may  be  repeated  with  that  of  strontites,  which  will  exhi- 
bit similar  appearances. 

The  carbonate  of  strontites  requires  for  soluticm  1,5^ 
parts  of  boiling  water.  It  is  found  native  at  Strontiaa  in  J 
Argylcshire  ;  and  may,  also,  be  prepared  by  artificial  pip-  -' 
cesses,  which  will  be  afterwards  described.  From  this 
carbonate  pure  strontites  may  be  prepared,  by  treating  it  in 
the  same  manner  as  was  directed  for  the  calcination  of  car- 
iionaie  of  barvtes. 


Art.  vj. — Carbonate  of  Li/m. 

I.  Limelias  a  strong  attraction  for  carbonic  acid,  but 
not  when  perfecdy  dry.  \ 

(a.)  If  a  piece  of  dry  quicklime  he  passed  into  ajar  of 
carbonic  acid  gas  over  mercur)',  no  absorption  ensues. 
Sut  invert  a  bolde,  filled  with  carbonic  acid  gas,  over  a 
mixture  of  lime  and  water  of  the  consistence  of  creana, 
and  a  rapid  ub'sorption  will  be  observed,  especially  if  the 
botde  be  agilated. 

{b.)  Let  a  jar  or  botde,  filled  with  carbonic  acid,  be 
Itrought  over  a  vessel  of  lime-water.    On  agilatiiig  the 
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vessel,  a  rapid  diflMintioa  wiU  cBsoc,  sadlfe 
will  become  ssUky. 

(c.)  Leave  a  ^hilofw  Vessel  of  fime^vattr 
the  air.     A  wlute  cnastwiB  fiDrm  on  the  sui^oe,  sad  disy 
if  broken,  wil  fidl  lo  the  bottoai,  and  be 
anodier.    This  isowiagtodieafasorptiaiiof 
gas  from  the  air  h^  the  lime,  vridch  b  thus 
soluble  in  wafier. 

(d.)  Lime,  when  exposed  to  the  soaospherr,  first 
quires  momlAii^,  and  then  csrixsmc  acid ;  and, 
cient  space  of  time,  dl  die  duaactcrs  disdagoidnif  it 
lime  disappear. 


(^•)  Lime  has  an  extremely  strong  afinitv  for 
add,  wl^ch  enables  it  to  take  this  acid  bom  other 
ces.  Thus  carbonates  of  Aalis  are  dccoanpiwed  by  lii 
Slake  a  given  quantity  of  fime  into  a  parte  widi 
and  add  half  its  wei^  of  raihonatr  of  potash  or 
Boil  die  mixture,  fbr  half  an  hoar,  in  wt  von  kettle^ 
separate  the  liquid  part  by  flcraidon  or  by  subsidence. 
The  carbonic  acid  comUnea  with  the  lime,'aBd  the  aiksB 
is  obtained  in  a  state  of  setutioB  perfectly  free  fromcmw 
bonic  acid.  This  is  die  onfinary  nMidc  of  depriving  tha 
alksdisof  caiboofc  add. 

^/•j  Lime,  when  saturated  vrioi  cstbomc  acm,  feraa 
carbonMe  of  Emc  Of  tins,  common  chaHL  asay  be  taken 
as  a  fair  sample  ;  and  in  all  saturated  caibonates  of  tUs 
ettth,  we  find  the  characters  of  insipidity  and  msolubilliy 
in  wtiter.  Calcareous  spar,  maible,  stalactites,  lime-stone, 
and  chalk,  are  all  varieties  of  caibonate  of  fime. 

'.)  Carbonate  of  lime^  decomposed  by  a  strong  heat. 
Listilled  in  an  earthen  retort,  carbonic  add  gas  is  ob- 
t^ed,  and  lime  remains  in  the  retort  in  a  pure  or  causdc 
state*     By  diis  process  it  k>ses  about  50  per  cent. 

(A.)  It  is  also  decomposed  by  the  stronger  acids.  Put 
some  chalk  into  a  gas  botde,  auui  pour  on  it  diluted  sul- 
phuric acid.  The  sulphuric'add  will  unite  widi  the  lime, 
and  die  caibonic  acid  will  be  set  at  liberty. 

By  a  comparison  of  this  experiment  with  die  preceding 
one  (f  •)  we  may  learn  the  proportion  of  carbonic  acid  and 
water  oontaitied  in  any  caibonate  of  Ume.  Let  100  grains 
of  the  carbonate  be  put  into  a  Fkxrcnce  flask,  withan  ounce 
or  two  of  water  ;  jdace  this  in  the  sode  of  a  balance ;  and 
in  the  same  scale,  but  b  a  separate  botde,  about  half  an 
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ounce  of  muriatic  acid.  Add  the  muriatic  acid  to  the  car-; 
bonate  as  long  as  any  cffcrvesctncc  is  produced,  and  thd^  ] 
blow  out  the  diaeogiagcd  carbonic  acid,  which  remains  to 
the  flask,  by  a  pair  of  btUows.  Ascertain,  by  adding^ 
weights  to  the  opposite  scak,  how  much  has  been  lost  (j 
suppose  it  to  be  thirty-five  grains  ;  this  shews  the  quani'  _ 
ty  of  carbonic  acid  disengaged.  Calcine  another  100, 
grains  in  a  covered  crucible.  It  will  lose  still  more  of  its 
weight  ;  because,  besides  its  carlwnic  acid,  all  the  water 
is  expelled  which  it  may  contain.  Let  this  loss  be  stated 
at  50  grains  ;  the  former  loss  deducted  from  this  (50~35,) 
or  15  grains,  shows  the  quantity  of  water  in  lOO  of  the 
carbonate. 

((.)  Carbonate  of  lime,  though  scarcely  dissolved  by 
pure  water,  is  soluble  in  water  saturated  with  carbonic 
acid.  The  most  striking  method  of  showing  this  is  the 
following:  Add  to  ajar,  about  one-fourth  filkd  with  lime 
water,  a  very  small  quantity  of  water  saturated  with  car- 
bonic acid.  An  immediate  milkiness  will  ensue,  because 
the  carbonic  acid  forms  with  the  lime  an  insoluble  carbo- 
nate. Add  gradually  more  of  the  water,  impregnated, 
with  carbonic  acid,  shaking  the  jar  as  these  additions  are 
made.  At  last  the  precipitate  is  re-dissolved.  Hence  it 
appears  that  lime,  with  a  certain  proportion  of  carbonic 
add,  is  insoluble,  and,  with  a  still  larger,  again  becomes 
soluble  in  water. 

(it.)  The  carbonate  of  lime,  dissolved  by  an  excess  of 
carbonic  acid,  (i.)  is  again  separated,  when  this  excess  is 
driven  off.  Thus  boiling,  which  exjicls  the  superabundant, 
acid,  precipitates  the  carbonate.  Caustic,  or  pure  alki  " 
also  produce  a  similar  effect. 


Art.  VII. — Carbonate  of  Ma^ciia. 


i.  Pure  magnesia  does  not  attract  carbonic  acid  wiAi 
nearly  the  same  intensity  as  lime.  Hence  magnesia  may 
be  exposed,  for  a  long  time,  to  the  air,  without  any  im- 
port.int  change  in  its  properties,  or  much  increase  of 
weight.  The  carbonate  of  magnesia,  used  in  medicine, 
and  for  experimental  purposes,  is  prepared  by  a  process 
to  be  described  in  the  sequel.     In  this  state,  however,  it 
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IS  wn  cuurciy  vmnnBii  wiui  woomc  jvBj  vhb  i^  Tmer 
a  8ub-carbonate. 

^  11.  The  saturated  carbomite  may  be  obtained,  by  psss- 
ing  stmflM^flHihflMC  JtfidMs  throu^  water,  in  which 
4e  sub-caibonate  is  %ept  meamncdly  ssspeMiled.  The 
solution  yields,  when  evaporated,  small  crystals,  which  are 
transparioBt  hexagonal  prisms,  terminated  by  hexagonal 
planes.  These  crystals  have  no  taste,  and  are  soluble  in 
48  parts  of  cold  water ;  whereas  the  sub-carbonate  requires 
at  least  ten  times  that  quantity.  The  crystallized  carbo- 
nate contains  per  cent.  50  acid,  25  earth,  and  25  water; 
the  sub-carbonate  34  add,  45  earth,  and  21  water* 

III*  The  carbonate  of  magnesia  is  decomposed  by  the 
same  agents  as  the  carbonate  of  lime*  It  yields  its  car- 
bonic acid,  however,  in  a  much  more  moderate  heat. 

ly.  Lime  has  a  stronger  afilinity  than  magnesia  for  car* 
bonic  acid*  Hence,  if  lime-water  be  digested  with  car- 
bonate of  magnesia,  the  lime  is  precipitittied  in  the  state 
of  an  insoluble  carbonate. 

Art.  Yiiu^'-CarbonateofGlucine. 

I.  Ghicine  appears  to  have  a  considerable  affinity  for 
carbonic  acid ;  for,  when  precipitated  from  acids  by  pure 
alkaUs,  and  dried  in  the  air,  it  becomes  effervescent.  The 
carbonate  of  glucine  is  white,  insipid,  insoluble,  and  very 
light*  It  contains  about  one-fourdi  its  weight  of  carbo- 
nic acid,  which  it  loses  by  exposure  to  a  low  red-heat* 

The  carbonate  of  silex  does  not  exist,  and  those  of  zir- 
con, alumine,  and  yt^ia,  have  no  peculiarly  interesting 
properties. 


SECT.  V. 


Gaseous  Oxide  of  Carbon^  or  Carbonic  Oxide. 


This  combination  of  carbon,  with  oxygen  contains  a 
less  proportion  of  oxygen  than  is  found  in  carbonic  acid* 
Its  discovery  was  announced  in  Nicholson's  Journal,  for 
April  1801,  bv  Mr*  Cruickshank,  and  in  the  38th  vol.  of 
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the  Annalea  cle  Chimie,  through  Cit.  Gu>-ton,  by  Clement 
and  Deaomies,  whose  experiments  are  conl'mued  in  the 
39th  vol.  p.  26.  The  Dutch  chemists,  however,  in  vol.  +3, 
object  10  its  being  considered  as  a  distinct  gas,  and  rtf- 
BMti  it  merely  aa  a  carburet  of  hydrogen.  But  their  ol»»" 
jcctions  do  not  appear  sufficiently  strong  to  prevent  lh«*] 
acknowledgment  of  the  gaseous  oxide  as  a  new  and  pe-? 
culiar  species. 

I.  It  may  be  procured  by  any  of  the  following  pro- 
cesses : 

1.  By  the  distillation  of  the  white  oxide  ofzincwift: 
1-eth  its  weight  of  charcoal,  in  an  earthen  or  glass  re- 
tort ;  fr\)m  the  scales  which  fly  from  iron  in  forging,  mix- 
ed with  a  similnr  propcmion  of  charcoal  j  from  the  oxides 
of  lead,  manganese,  or,  indeed,  of  almost  every  imper- 
fect metal,  when  heated  in  contact  with  powdered  char- 
coal. It  may  also  be  obtained  from  the  substance  whid^J 
remains  after  preparing  acetic  acid  from  acetate  of  coj>-' 
per. 

2.  From  well  dried  carljonate  of  barjles  or  of  lime 
(common  chalk),  distilled  with  about  l-5lh  of  charcoal; 
or  with  rather  a  larger  proponion  of  dry  iron  or  zinc 
filings,  which  afford  it  quite  free  from  hydrogen. 

3.  By  transmitting  carbonic  acid  gas  over  charcoal' 
ignited  in  a  porcelain  tube.  The  acid  gas  combines  nidv' 
an  additional  dose  of  charcoal ;  loses  its  acid  properties  ; 
and  is  converted  into  the  carbonic  oxide.  An  ingenious 
apparatus,  contrived  by  M.  Barutl,  and  extremely  use- 
ful for  this  and  similar  purposes,  is  described,  and  repre- 
sented by  a  plate,  in  the  1 1th  volume  of  Nicholson's  }i 
naL 

The  last  product  of  the  distillation  is  the  purest,  bul 
still  contains  carbonic  acid,  which  must  be  separated  b] 
washing  the  gas  with  lime  liquor. 

II.  Its  properties  areas  follow  : 

(i;.)  It  has  an  offensive  smell. 

(i.)  It  is  lighter  than  common  air,  in  the  proportion 
of  y6G  to  1000.  One  hundred  cubiciU  inches  weigh  30 
grains. 

(c.)  It  is  inflammable,  and,  when  set  fire  to,  as  it  issues 
from  ihc  orifice  of  a  small  pipe,  burns  with  a  blue  flame. 
When  mixed  with  common  air,  it  does  not  explode  like 
other  inflammable  gases,   but  bums  silently  with  a 


1 


«£CX*  VI*      CARBURETTED  HYDROGEN   GASES.  123 

bent  blae  flame.    It  detonates,  however,  with  oxygen 

gas. 

(dS)  When  a  stream  of  this  gas  is  bamt,  in  the  manner 
described  in  speaking  of  hydrogen  gas,  no  water  is  con- 
densed on  the  inner  surface  of  the  glass  gbbe,  a  proof 
that  the  gaseous  oxide  contsdns  no  hydrogen. 

(^.)  It  is  sparingly  soluble  in  water ;  is  not  absorbed  by 
liquid  caustic  alkalis  ;  nor  does  it  precipitate  lime-water. 

i^f.)  It  is  extremely  noxious  to  animals ;  and  fatal  to 
them  if  confined  in  it.  When  respired  for  a  few  minutes, 
it  produces  giddiness  and  Ssunung. 

(g»)  When  100  measures  of  carbonic  oxide  arc  fired 
over  mercury  in  a  detonating  tube,  with  45  of  oxygen 
gas,  the  total  145  are  diminished  to  90,  which  consist  en- 
tirely of  carbonic  acid. 

(X.)  It  is  not  eoqianded  by  electric  shocks. 

(i.)  When  the  carbonic  oxide,  mingled  with  an  equal 
bulk  of  hydrogen  gas,  is  passed  through  an  ignited  tube, 
the  tube  becomes  Uned  with  charcoaL  In  this  tempera- 
ture, the  hydrogen  attracts  oxygen  more  strongly  than  it 
is  retained  by  the  charcoal,  and  forms  water. 

AcconUng  to  Mr.  Cruikshank,  it  contains,  per  cent, 
about  70  oxygen,  and  50  carbon ;  or  the  former  is  to  the 
latter  as  21  to  8. 6,  or  as  21  to  9. 


SECT.  VI. 


Combination  of  Carbon  with  Hydrogen^  forming  Carbu- 
rettea  Hydrogen  Gasj  or  Hydro-Carburet* 

I.  Of  this  combination  there  are  several  distinct  va- 
rieties, consisting  of  carbon  and  hydrogen,  united  in  vari- 
ous proportions,  and  obtained  by  different  processes. 

1.  When  the  vapour  of  water  is  brought  into  contact 
with  red-hot  charcoal  (by  means  of  an  apparatus  similar 
to  that  represented  fig.  40.)  two  different  products  are 
obtained.  The  oxygen  of  the  water,  uniting  with  the 
carbon,  constitutes  carbonic  acid;  and  the  hydrogen  of 
the  water  dissolving,  at  the  moment  of  its  liberation,  a 
portion   of  charcoid,    composes    carburetted   hydrogen 
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gas.*  The  carbonic  acid  may  be  separated  from  the 
hydro-carburet,  by  agitatiDg  the  gas,  which  has  beea 
produced,  in  contact  with  lime  and  water,  mixed  togetheTf 
so  as  to  be  of  the  consistence  of  cream. 

S.  By  stirring,  with  a  stick,  the  mud  that  is  deposited 
at  the  bottom  ot  ditches  or  stagnant  pools,  bubbles  of  gas 
ascend  to  the  surface,  and  may  be  collected  in  an  invert- 
ed bottle  of  water,  lo  (he  mouth  of  which  a  funnel,  also 
inverted,  is  fixed. 

S.  By  submitiing  coal  (N.  18.)  to  distillation,  in  an  iron 
or  coated  glass  retort,  a  large  quantity  of  gas,  besides  a 
portion  of  tar,  is  produced.  The  latter  may  be  received 
in  an  intermediate  vessel  i  and  the  gas  must  be  well 
washed  with  lime  liquor. 

4.  Let  a  porcelain  tube,  coated  with  clay,  be  fixed  ho- 
rizontally in  a  furnace,  in  the  manner  represented  fig.  40. 
To  one  end  let  a  retort  be  luted,  containing  an  ounce  or 
two  of  ether  or  alcohol ;  and,  to  the  other,  a  bent  tube, 
which  terminates  under  the  shelf  of  the  pneumatic  trough. 
A  gas  will  be  disengaged,  on  igniting  the  tube,  and  trans- 
mitting, through  it,  the  alcohol  or  ether  in  vapour,  which, 
when  washed  with  lime  liquor,  is  the  carburetted  hydrogen. 

5.  A  fifth  mode  of  obtaining  hydro-carburet,  consists 
in  distilling,  in  a  glass  retort,  with  a  gentle  heat,  three 
parts  of  concentrated  sulphuric  acid,  and  one  part  of  alco- 
hol. The  mixture  assumes  a  black  colour  and  thick  con- 
sistence ;  and  bubbles  of  gas  are  disengaged,  which  may  be 
collected  over  water.  For  reasons  which  will  afterwards  ' 
be  stated,  this  gas  has  been  named  the  olefiant  gas. 

II.  These  varieties  of  carburetted  hydrogen  gas  all  agree 
in  being  inflammable ;  but  they  possess  this  property  id 
various  degrees,  as  is  evinced  by  the  variable  brightness 
of  the  flame,  which  they  yield  when  set  on  fire.  They 
may  be  inflamed  as  they  proceed  from  the  orifice  of  a 
small  pipe,  or  from  between  two  concentric  cylinders  of 
sheet-iron  or  copper,  placed  at  the  distance  of  a  small 
fraction  of  an  inch  from  each  other.  On  this  principle, 
an  Argand's  lamp  may  be  constructed,  for  burning  the 
^sca,  which  will  issue  from  that  space,  commonly  occu- 
pied by  the  wick. 


I 


lECT*  VI.  HTORO-CARBUR2T    GAKES.  125 

1.  When  burned  in  either  of  these  modes,  there  is  a 
manifest  gradation  in  the  density  and  brightness  of  the 
flame.  The  gas  from  charcoal  bums  widi  a  faint  blue 
light,  not  suited  to  the  purpose  of  illumination  ;  that  from 
ether  or  alcohol  with  more  brilliancy  ;  but  still  short  of 
that  with  which  the  coal  gas  bums,  when  recently  prepar- 
ed* The  oleiiant  gas  surpasses  them  all,  in  the  quantity 
of  light  evolved  by  its  combustion. 

2.  If  these  gases  be  bumed  in  a  portion  of  oxygen  gas 
over  lime  water,  by  means  of  a  bladder  and  bent  brass 
pipe,  (plate  IV.  fig.  41.)  two  distinct  products  are  ob- 
tamed,  viz.  water  and  carbomc  acid.  That  water  is  pro- 
duced, may  be  shewn  by  burning  a  very  small  stream  of 
this  gas  under  a  long  funnel-shaped  tube  open  at  both 
ends.  The  formation  of  carbonic  acid  is  evinced,  by  the 
copious  precipitation  of  the  lime-water  in  the  foregoing 
experiment.  ( 

3.  The  composition  of  each  of  the  above  gases  is  learn- 
ed by  firing  it,  in  a  detonating  tube  over  mercury,  with 
a  known  quantity  of  oxygen  gas ;  and  observing  the  na- 
ture and  quantity  of  the  products.  These  products  are 
carbonic  acid  and  water.  The  former  may  be  exactly 
measured  ;  but  the  water  is  generated  in  such  small  quan- 
tity, that  it  can  only  be  computed.  The  following  table 
shews  the  results  of  a  few  experiments  of  this  kind. 

Measures  of  Oxygen  Measures  of  Car- 

Kind  of  Gas.  Gas  required  to  satu-  bonic    acid    pro- 

rate xoo  Measures.  duced. 

Pure  hydrogen  gas    -    -    50  to  54    -     -    - 

Gas  from  charcoal     --60-----  35 

coal       -     -     -  170    -----  100 

I             stagnant  water    200 100 

Olefiantgas      .     -     -    -  284 179 

Now  since,  for  the  formation  of  each  measure  of  car- 
bonic acid  gas,  in  the  foregoing  experiments,  an  equal 
volume  of  oxygen  gas  is  required,  we  may  learn,  by  de- 
ducting the  number  in  the  third  column  from  the  corres- 
ponding one  in  the  second,  what  proportion  of  oxygen 
has  been  allotted  to  the  saturation  of  the  hydrogen  of 
each  hydro-carburet.  Thus,  for  example,  in  burning  the 
gas  from  coal,  100  measures  of  oxygen  have  been  employ- 
ed in  forming  carbonic   acid;    and  the  remaining  70 
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ill  satiu-Hi'ing  livdrogen.  But  70  measures  of  oxygen  fl 
sufGcicnt  (u  sQiurmc  140  of  hydrogen  gas)  and  a  qia 
lityof  hydrogen  must  therefore  be  coniiUDed  in  100  nM_ 
aurcs  of  gas  from  coal  i  which,  expanded  to  its  usunlelq 
ticitj',  would  occupy  140  measures. 

4.  The  gases  varj'  iu  their  sotubility  by  water,  the 
fiaat  gas  being  absorbed  in   the    largest  proportion, 
l-8th  the  bulk  of  the  water  ;  the  gas  from  stagnant  wa^ 
l*644h  ;  and  the  others  instill  less  quantity. 

5.  They  vary  also  in  density  or  specific  gravity. 

mon  air  being  1000,  the  oleliant  gas  is  909  ;  the  gas  fi 

ether  or  alcohol  520  ;  and  trom  moistened  charcoul  480. 
The  speciGc  gravity  of  gas  from  coal,  and  of  that  from 
stagnant  water,  I  am  informed  by  Mr.  Dalton,  are  the 
same,  viz.  666,  or  as  2  to  3. 

6.  The  only  distinct  and  well  characterized  species  of 
hydro-carburet  appear  to  me  to  be  the  olefiant  gas  i  and 
the  gas  from  stagnant  water,  yielding  by  combustion,  an 
equ^  hulk  of  carbonic  acid.  Of  these,  the  other  » 
lies  appear  to  be  only  mixtures.  The  reasons  for  I 
opinion  I  have  stated  in  Nicholson's  Journal,  Vol. 
JJ.68. 


Sul/ihur. 

I.  Sulphur  occurs  in  two  diiferent  forms ;  that  of  ( 
ers,  and  of  stick  or  roll  sulphur.  The  fonner  is  cons 
rably  the  purest. 

II.  Sulphur  is  readily  fused  and  volatilized.  When 
heated  to  ITO"  of  Falirenheit,  it  begins  to  evaporate,  and 
to  produce  a  very  disagreeable  smeS  ;  at  185"  or  190'  it 
begins  to  melt ;  and  at  320°  is  completely  fluid.     If  t 
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heat  be  rapidly  inereaaed,  it  loses  its  fluidity,  and  be* 
comes  firm,  and  of  adeeper  colour.  It  regains  its  fluidity, 
if  we  reduce  the  temperature  ;  and  this  mi^  be  repealed 
at  pleasure,  in  close  g^ass  vessels,  if  the  changes  cf  heat 
be  not  slow  ;  otherwise  it  begins  to  evaporate. 

IIL  if,  alter  being  melted,  it  be  suffered  to  cool,  it 
congeals  in  a  crydtaliine  form,  but  so  confusedly,  diatwe 
cannot  define  the  shape  of  the  crystals,  further  than  diat 
they  are  slender  interlaced  fibres.  If  a  large  mass  be 
kept  fluid  below,  While-  it  congeals  at  the  suHhce,  the 
crystallization  diere  is  much  more  disdnct.  (N.  19.) 
When  sulphur  in  complete  fusion^  is  poured  into  water,  it 
becomes  tenacious  like  wax,  and  may  be  applied  (as  is  done 
hy  Mr*  Taseie')  to  take  impressions  from  engraved  stones, 
&c«  These  impressions  are  quite  hard,  when  the  sulphur 
has  become  cold. 

IV.  At  the  temperature  of  about  290*  Fahrenheit,  sul- 
phur is  converted  into  vapour ;  and  if  this  operation  be 
conducted  in  close  vessels,  the  volatilized  sulphur  is  again 
collected  in  a  solid  form.  This  affords  an  example  of  the 
process  of  sublimation^  which  differs  from  distillation^  in 
affording  a  solid  product,  while  the  latter  yields  a  con- 
densed liquid.  In  this  mode,  sulphur  may,  in  part,  be 
purified  ;  and  its  purification  is  completed,  by  boiling  it 
repeatedly  in  distilled  water;  then  in  twice  or  thrice  its 
weight  of  nitro-muriatic  acid,  <Uluted  with  one  part  of 
distilled  water  ;  and,  finally,  by  washing  it  with  distilled 
water,  till  this  comes  off  tasteless,  and  incapable  of  chang- 
ing the  blue  colours  of  vegetables. 

V.  When  flowers  of  sulphur  are  digested  in  alcohol, 
no  union  takes  place  ;  but  it  the  two  bodies  be  brought 
into  contact,  when  both  are  in  a  state  of  vapour,  they 
enter  into  chemical  union.  This  may  be  shewn  by  an 
ingenious  experiment  of  La  Grange,  the  apparatus  for 
performing  which  are  represented  in  the  first  plate  of  his 
*^  Manual.''  Into  a  glass  alembic  put  a  little  sulphur ; 
over  this  suspend,  by  a  couple  of  strings,  a  small  bottle 
filled  with  alcohol ;  and  apply  a  receiver  to  the  pipe  of 
the  alembic,  the  head  being  put  into  its  place.  Lute  the 
junctures,  and  apply  a  gentle  heat  to  the  alembic.  The 
sulphur  will  now  be  raised  in  vapour  ;  and  the  vapour 
surrounding  the  bottle  of  alcohol,  the  latter  will  be  vola- 
tilized, and  will  meet  in  this  state  the  fumes  of  sulphur. 
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A  combination  will  take   place  between  the  two  bodie^ 
and  sulphurixed  alcohol  will  pass  into   the  receiver.      ~ 
pouring  this  prcparatioD   into  water,  the    sulphui 
precipitated. 

VI.  Sulphur  ia  inflammable,  and  appears  susceplible4l 
two  distinct  combustions,  which  take  pl.ice  at  diffcn 
temperatures.*  At  140°  or  150°  Fahrenheit,  it  l  _ 
sensibly  to  attract  oxygen  ;  and  it'  the  temperature  be  r>us-" 
ed  to  180°  or  190°,  the  combiiuition  becomes  pretty  rapid, 
accompanied  by  a  laint  blue  light.  But  the  heat  evolved 
is  scarcely  sensible  i  at  least  it  is  so  weak,  that  the  sul- 
phur may  thus  be  burnt  out  of  gun-powder,  and  the  pow- 
der be  rendered  useless,  without  inflaming  it.  At  a  tem- 
perature of  300"*,  its  combustion  though  still  feeble  com- 
pared with  that  of  some  other  bodies,  is  much  more  ac- 
tive, and  accompanied  with  a  redder  light.  When  set 
on  Hre  in  oxygen  gas,  it  biu^s  with  a  very  beautiful  and 
brilUant  light ;  but  of  a  given  quantity  of  oxygen  gaa.  It 
is  not  possible  to  condense  the  whole  by  this  combustioi 
for  reasons  which  hereafter  will  be  stated.  The  prodin 
of  these  combustions,  when  examined,  will  be  found  to  bi 
sulphuric  acid. 


SECT.  II. 

Sulphuric  AciiS.-\ 


I.  Tliough  this  is  not  the  mode  in  which  sulphi 
acid  is  ordinarily  prepared,  yet  it  will  he  proper  for  lh« 
chemical  student  to  examine  the  result  of  this  combus- 
tion, on  account  of  the  simplicity  of  the  process, 
the  glass  bell  under  which  sulphur  has  been  burnt, 
rinsed  out  with  a  little  water.  This  water  will  have 
acid  taste,  will  turn  vegetable  blue  colours  red,  and 
effervesce  with  carbonated  alkalis.  It  is  therefore 
acid  i  and  as  it  is  composed  of  sulphur  and  oxygen,  i 
termed  the   sulphuric  acid.     The  properties  of  this  acid 
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must  be  exhilnted  by  a  portion  of  that  usually  found  in  the 
shops*     They  are  as  follows : 

(a.)  Sulphuric  acid  has  a  thick  and  oily  consistence; 
as  may  be  seen  by  pouring  it  from  one  vessel  into  ano- 
ther.    In  100  parts,  it  contuns  61  sulphur  and  39  ozy- 

(bJ)  It  is  nearly  twice  as  heavy  as  water.  This  will  ap- 
pear from  weighing  a  small  phial  filled  with  the  acid, 
and  afterwards  filled  with  distilled  water.  The  same  re* 
«ult  will  be  more  conveniently  obtained,  by  making  the 
comparison  in  the  long-necked  bottle,  Plate  I.  fig.  14. 
The  specific  gravity  oi  the  acid,  as  prepared  for  purposes 
of  commerce,  is  generally  1.85;  but,  it  may  be  concen- 
trated, by  exposing  it  to  heat,  in  a  retort  set  in  a  sand- 
bath,  so  as  to  be  oi  the  specific  gravity  of  upwards  of  2« 

(c.)  In  a  pure  state,  it  is  perfecdy  limpid  and  colour- 
less. 

({L)  When  mixed  suddenly  with  .water,  considerable 
heat  is  produced.  Four  parts,  by  weight,  of  concentra- 
ted sulphuric  acid,  and  one  of  water,  when  suddenly 
mixed  together,  each  at  the  temperature  of  50"*  Fahren- 
heit, have  their  temperature  raised  to  300^  A  diminu- 
tion of  bulk  also  ensues ;  that  is,  one  measure  of  acid  and 
one  of  water  do  not  occupy  the  space  of  two  measures, 
but  considerably  less.  Owing  to  the  heat  produced  by 
its  admixture  with  water,  the  dilution,  for  ordinary  pur- 
poses, should  be  conducted  very  gradually ;  and  the  acid 
should  be  added  to  the  water  by  small  portions  at  once, 
allowing  each  portion  to  cool  before  a  fresh  addition  is 
made.  On  the  principle  of  its  attraction  for  water  is  to 
be  explained,  also,  the  rapid  increase  of  weight  which  the 
acid  acquires  when  exposed  to  air.  In  one  day,  three  parts 
of  sulphuric  acid,  exposed  to  the  atmosphere,  are  increased 
in  weight  one  part;  and  one  ounce,  by  twelve  months  ex- 
posure, has  been  found  to  gain  an  addition  of  6^. 

(e.)  A  perfectly  pure  sulphuric  acid  remains  quite  lim- 
pid during  dilution.  I'he  sulphuric  acid,  however,  com- 
monly found  in  the  shops,  under  the  name  of  oil  of  vi- 
triol, on  admixture  with  water,  deposltes  a  white  powder, 
in  considerable  quantity,  consisting  of  various  impurities. 
(N.  20.) 

(y*  )  To  purify  sulphuric  acid,  it  must  be  distilled  in  a 
glass  retort,  placed  in  the  sand-bed  of  a  reverberatory 
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furnace.  This  process  is  a  very  difficult  o 
cxperieticed  chemist  should,  therefore,  not  attempt  it. 
To  those,  however,  who  have  the  means  of  repealing  the 
process,  and  sufiicirait  experience  in  cheniic:d  opiraiions, 
the  following  instructions  may  be  useful;  especially  as  it  is 
indispensable,  in  all  csperiinents  of  research,  to  employ  an 
RCid  tliiis  purified. 

The  furnace,  in  which  this  process  is  conducted,  should 
itave  a  contrivance  for  supporting  a  sand-bath  within  it 
at  a  pn^r  height ;  and  an  opening  in  the  side,  for  trans- 
mitiing  the  neck  of  the  retort.  (Plate  Vli.  fig.  62.  63.) 
The  retort  must  be  coated  with  clay  and  sand  over  its 
whole  body,  and  also  over  that  part  of  the  neck  which  is 
exposed  to  the  fire.  It  is  then  to  be  placed,  the  coating 
being  previouslj'  dry,  in  the  sand-bath,  about  one-half 
filled  with  sulphuric  acid  ;  and  a  receiver  must  be  ap- 
plied,  but  not  luted  on.  The  fire  must  now  be  lighted, 
and  raised  with  extreme  caution.  The  first  portion  that 
comes  over,  amounting  to  about  one-sixth,  consists  chief- 
ly of  water,  and  may  be  rejected.  This  is  followed  by 
the  concentrated  acid  ;  and,  at  this  period,  there  is  great 
risk  that  the  neck  of  the  retort  will  be  broken,  by  the 
contact  of  the  condensed  acid,  which  has  a  very  high 
temperature,  and  which  frequently  cracks  the  glass,  as 
eifectually  as  the  appUcation  of  a  red-hot  iron.  The  fire 
must  be  regulated  by  the  register-door  of  the  ash-pit,  so 
that  sevt-ral  seconds  may  elapse  between  the  fall  of  the 
drops  into  the  receiver.  The  process  may  be  continued 
as  long  as  any  acid  is  condensed.  The  retorts,  employed 
for  this  purpose,  should  be  most  attentively  annealed  ; 
and  it  is  advisable,  that  the  operator  should  anneal  ihem 
himself,  by  first  beating  them  in  an  oven,  and  then  al- 
lowing the  oven  to  cool  as  sbwly  as  possible. 

Sulphuric  acid  may  be  less  perfectly  purified  by  dilu- 
ting it  with  an  equal  weight  of  water,  allowing  the  impu- 
rities to  settle,  decanting  the  clear  liquor,  and  evaporating 
it  to  the  proper  degree  in  a  glass  vessel, 

(^.)  Sulphuric  acid  is  decomposed  at  the  temperature 
of  the  atmosphere,  by  inflammable  substances,  and  ac- 
quires a  dark  colour.  The  addition  of  a  hide  brown  su- 
gar, or  a  drop  of  oil,  to  a  jwirdon  of  the  acid,  imparts  to 
it  a  brownish  hue,  which  in  time  changes  to  black. 
Hence  this  acid  ahould  always  be   kept  in  bottles  with 
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glass  stoppers  ;  for  a  small  hit  of  cork,  if  dropped  into  a 
considerable  quantity,  changes  it  in  the  manner  that  has 
been  pointed  out. 

(h.)  In  high  temperatures,  sulphuric  acid  is  sdll  fur- 
ther decomposed  by  combusuUe  bodies. 

1.  Hydrogen  gas,  brought  into  contact  with  sulphuric 
acid,  in  a  state  approaching  ignition;  decomposes  it^  and 
water  and  sulphurous  acid  are  formed.  This,  however, 
is  a  most  dangerous  and  difficult  process,  which  it  is  not 
advisable  to  repeat.  The  decompositaoD  of  the  acid  may 
be  safely  effected  in  die  following  manner : 

2.  Into  a  glass  Tttam  put  such  a  quantity  of  sulphuric 
acid  as  will  fill  about  one-fourth  part  of  it,  and  add  a 
jsttiall  portioh  of  powdered  charcoal.  On  applying  the 
heat*  of  a  lamp,  gas  will  be  produced  very  abun^untlyk 
Let  this  gas  be  conveyed  by  a  tube  fixed  to  the  mouth 
of  a  retort,  and  bent  in  the  proper  manner,  into  an  in- 
verted jar  of  water ;  or,  if  it  can  be  had,  into  an  inverted 
jar  of  quicksilver  in  a  mercurial  apparatus.  During  this 
operation,  the  carbon  attracts  part  of  the  o^^gen  of  tht 
sulphuric  acid,  and  forms  carbonic  acid  gas.  But  the 
sulphur  is  not  enordy  disoxygenatedi  and  aocunpouad 
is  therefore  formed  of  sulphur  and  oxygau  containing 
less  oxygen  dian  the  sulphuric  add.  Tiiis  compound 
exists  in  the  state  of  a  gas,  and  it9  properties  may  next 
be  examine  To  avmd,  however,  tne  comfdicction 
wluch  the  admixture  of  carbonic  acid  with  diis  new  pro- 
duct introduces  into  the  experiment,  it  may  be.  proper 
to  prepare  it  in  a  mode  less  objectionable,  but  the  rots^ 
nak  of  which  cannot  at  present  be  explained.  This  con- 
sists in  dissolving  one  part,  by  weight,  of  qvucksilver  in 
two  of  sulphuric  add,  and  boiling  the  mass  to  dryness. 
The  dried  mass,  still  remaining  in  the  retort,  is  next  to 
be  distilled  in  a  strong  sand-heat ;  a  g^ss  globe  being 
interposed  between  the  retort  and  the  receiving  mercu- 
rial trough,  to  condense  any  sulphuric  acid  that  may 
escape  decomposition.  (See  Plate  III.  fig.  3(X  31.)  The 
gas  thus  obtained  is  termed,  conformably  to  the  princi- 
ples of  the  new  nomenclature,  sulphurous  acid. 


SULFBUROUS    ACID. 
SECT.    III. 

Sulphurous  Acid  Gas. 


Its  propenii'a  are  tlie  following  : 

(u.)  It  has  a  pungent  and  suffocating  smell,  exactly  t. 
scmbling  thut  which  arises  from  burning  sulphur. 

(h.)  It  is  aiwve  twice  heavier  than  atmospherical  air.  -^ 

(c.)  It  extinguishes  burning  bodi'^s,  and  kills  animals.  V  _ 

(rf.)  It  has  the  property  of  whitening  or  bleaching  silk, 
and  of  giving  it  lustre. 

(e.)  Ol  sulphurous  acid,  waterabsorbs  33  times  its  btdk, 
or  l-Ilth  of  its  weight,  caloric  is  evolved,  and  the  solu- 
tion has  the  specific  gravity  I.05I3.  From  this  fluid  it 
is  again  separated,  like  carbonic  acid,  by  the  application 
of  heat. 

(^f.)  This  watery  solution  does  not  redden  infusion  of 
litmus,  as  acids  in  general  do,  but  totally  destroys  its  co- 
lour. 

(^.)  Sulphuric  acid,  saturated  with  this  gas,  which  may 
be  eficcted  by  passing  the  gas  through  the  acid,  acquires 
a  strong  smell,  and  the  property'  of  assuming  a  solid  lorm, 
by  a  moderate  reduction  of  its  temperature. 

(A.)  Sulphurous  acid  is  again  converted  to  the  state  of 
sulphuric,  bj'  restoring  ox\  gen  to  it. 

1.  A  mixture  of  oxygen  and  sulphurous  acid  gases, 
both  perfectly  dry,  and  standing  over  mercurj',  is  not  di. 
minished  by  remaining  in  contact  during  some  months  ; 
hut  if  a  small  quantity  of  water  be  added,  the  mixture 
begins  to  diminish,  and  sulphuric  acid  is  formed. 

2.  To  a  portion  of  water  saturated  with  this  gas,  add  a 
little  oxide  of  mang:mese,  a  subsLince  that  contains  much 
osygi'u  looselv  combined.  The  pungent  smell  of  the  wa- 
ter, aad  the  other  characteristics  of  sulphurous  acid,  will 
soon  disappear. 

((.)  When  the  tempei-ature  of  sulphurous  acid  gas  is 
greatl)  reduced,  by  surrounding  it  with  a  mixture  of  snow 
and  muriate  of  lime,  it  is  ch;ingtd  into  aliquid. 

(A.)  If  sulphurous  acid  gas  and  frcah  muriate  of  tin  are 
brought  into  contact  over  mercury,  the  volume  ol  the  gas 
is  speedily  dimmished,  sulphur  is  deposited,  and  the  a 
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pie  muriate  becomes  an  oxygenized  muriate  of  tin.  (Ao 
tum.) 

Both  these  acids  are  susceptible  of  combination  with 
alkalis. 

(/.)  It  is  decomposed,  when  submitted  to  the  heat  of 
ignition,  in  contact  with  certain  combustible  bodies. 
Thus,  when  a  mixture  of  sulphurous  acid  and  hydrogen 
gases  are  driven  through  a  red-hot  porcelain  tube,  the 
oxygen  of  the  acid  combines  with  the  hydrogen,  and 
forms  water,  and  sulphur  is  obtained  in  a  separate  form. 
The  sulphurous  acid  is  decomposed,  also,  when  trans- 
mitted over  red-hot  charcoal. 


SECT.  IV. 

Combination  of  Sulphuric  Acidvnth  Alkalis. 
Art.  I. — Sulphate  of  Potash. 

This  salt  may  be  formed  by  saturatmg  the  carbonate  of 
potash  with  sulphuric  acid,  and  cr^'staliizing  the  solution. 
Its  properties  are  the  following. 

(a.)  It  crystallizes  in  small  six-sided  prisms,  termina- 
ted by  six-sided  pyramids  with  triangular  faces. 

(b.)  It  has  a  bitter  taste. 

(c.)  It  decrepitates,  or  crackles,  when  thrown  on  a  red- 
hot  iron,'  or  on  red-hot  coals^  and  is  volatilized  by  a 
strong  heat. 

^^•}  Water,  at  60*  of  Fahrenheit,  takes  up  only  l-16lh 
of  Its  weight;  but  boiling  water  dissolves  one-fifth. 

(^.)  One  hundred  parts  contain  30.21  acid,  64.61  alkali^ 
and  5.18  water. 

(/*.)  This  sulphate  is  decomposed,  in  high  tempera- 
tures, by  carbon.  Mix  any  quantity  of  the  salt  with 
one-fonrth  of  its  weight  of  charcoal  finely  powdered,  and 
expose  the  mixture,  in  a  crudble,  to  a  strong  heat.  The 
carbon  will  unite  with  the  oxygen  of  the  sulphuric  acid, 
and  will  escape  in  the  state  of  a  gas.  What  remains  is 
a  cooipoundy  hereafter  to  be  described,  of  sulphur  and 
potash. 


SULPH&TEl. 
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Art.  11.— ^Iphate  of  Snda. 


(d.)  This  salt  forms  regular  octahedral  ciystals,  of  b  J 
prismatic  or  cuneiEDrm  figure ;  the  two  terminating  py- 
ramids of  which  are  truncated  near  their  basis.  * 

(b.)  It  has  a  more  bitter  taste  than  the  preceding,  an4'l 
melts  more  eaHily  in  the  mouth.  -  ■ 

(r,)  It  swells  upon  a  heated  iron,  in  consequence  of 
the  loss  of  its  water  of  crystalUzadon,  and  a  white  powder 
is  left. 

{d.)  By  exposure  to  the  atmosphere,  it  effloresces,  and 
loses  weight. 

{e.)  It  is  very  soluble  in  water,  three  parts  of  which,  at 
fiO°  of  temperature,  dissolve  one  of  the  salt ;  and  boiling 
water  dissolves  its  own  weight.  J 

(jC  )  It  contains ^pr cen/.  14  acid,  22  alkali,  and  64  Wfrfl 
ter.  1 

(f.)  It  is  decompoBcd  by  charcoal  like  the  preceding 
salt,  and  a  compound  remains  of  sulphur  and  soda. 


Art.  III. — Sulphate  of  Ammonia. 

(o.)  The   sulphate  of  ammonia    forms    long   flattened  | 
prisms  with  six  sides,  terminated  by  six-sided  pyramids. 

(A.)  It  slightly  attracts  moisture  from  the 

(c.)  It  has  a  cool  bitter  taste. 

id.)  Two  parts  of  water,  at  60°,  take  up  one  of  die  salt,  J 
and  boiling  water  dissolves  its  own  weight.     DuriDg  » 
lution,  it  produces   cold ;   and  also  when  mingled  wilttl 
powdered  ice,  or  with  snow. 

(f.)  The  sublimed  salt  has  an  excess  of  acid  ;  a  portioi 
of  the  base  being  expelled  by  the  application  of  heat. 

(f.)  it  contains /ler  cenf.  55  acid,  14  ammonia,  and  3^ 
water. 

(g.)  It  liquefiea  by  a  gentle  heat,  and  is  volatilized.  If 
a  stronger  heat  be  applied,  it  is  decomposed.  See  Mr.  Hat- 
chett's  paper  in  Phil.  Trans.  1796,  or  Davy's  Researches. 

(ft.)  The  pure  fixed  alkalis,  potash,  and  soda,  seize  the 
sulphurir  acid,  and  set  at  liberty  the  alkali.  Hence  » 
strong  smell  of  ammonia  arises  on  the  admixture  of  pure 
soda  or  potash  with  this  salt. 
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Art.  W •"'Sulphate  of  Barytes. 

Barytes  has  a  powerful  affinity  for  sulphuric  acid ;  and 
the  combination  of  these  two  bodies  may  be  effected  with 
great  facility. 

{a.)  To  a  solution  of  pure  teuytes,  add  sulphuric  acid. 
A  white  precipitate  will  appear,  which  is  the  sulphate  of 
barytes. 

(^•)  The  same  compound  is  formed,  by  adding  sulphu- 
ric acid  to  carbonate  of  barytes,  or  to  a  solution  of  muriate 
or  nitrate  of  barytes. 

(c.)  The  sulphate  of  barytes  is  one  of  the  most  inso- 
luUe  substances  that  chemistry  presents,  requiring  for  its 
solution  43^000  times  its  weight  of  water. 

{(U)  Barytes  has  a  stronger  affinity  than  any  other  body 
for  sulphuric  add. 

(e.)  Owing  to  these  properties,  the  solution  of  pure  ba- 
rytes, and  of  the  nitrate  and  muriate  of  barytes,  are  ex-» 
Silent  and  very  sensible  tests  of  sulphvu*ic  acid,  and  of  all 
its  combilkations.  Let  a  single  drop  of  sulphuric  acid  fait 
into  a  wine  quart  of  pure  distilled  water.  On  adding  a 
few  drops  of  one  of  the  foregoing  soluuons  of  barytes,  a 
precipitation  will  ensue. 

(^  )  Sulphate  of  barytes  is  decomposed  by  carbonate 
of  potash.  Boil  the  powdered  sulphate  with  a  solution  of 
twice  or  three  times  its  weight  of  carbonate  of  potash. 
The  carbonic  acid  will  pass  fo  the  barytes,  and  the  sul- 
phuric to  the  potash. 

(^•)  By  this  process,  carbonate  of  barytes  may  be  pro- 
cured, for  the  purpose  of  preparing  the  pure  earth,  and 
its  various  salts,  when  the  native  carbonate  cannot  be 
had  in  sufficient  abundance.  The  sulphate  is  found,  in 
consideraUe  quanuties,  accompanying  lead  ore,  in  Der- 
byshire and  cnher  parts  of  England,  where  it  is  known 
by  the  ttmes  of  cawk,  ponderous  spar,  &c.  When  ap- 
plied to  the  purpose  of  obtaining  the  carbonate  of  bar)- 
tes,  it  is  to  be  mixed  with  three  or  four  times  its  weight 
of  sub-carix)nate  of  potash,  and  boiled  with  a  proper 
quantity  of  water  for  a  considerable  time,  in  an  iron 
kettle,  stirring  it,  and  breaking  down  the  hard  lumps, 
into  which  it  is  apt  ta  run,  by  an  iron  pestle.  It  is 
then  to  be  washed  with  boiling  water,  as  long  as  this 
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acquires  any  taste.     On  tlie  addit' 
acid,  a  violent  effervescence  v 


I  of  dilute  muriatic 
le,  and  a  eonsidi 
bic  portion  of  the  earth,  probably  along  with  some  me- 
lals,  will  be  dissolved.  To  the  saturated  solution,  add  a 
small  portion  of  pure  ammonia.  This  will  throw  down 
any  metals  that  may  bi-  present ;  and  the  barytes  may  at 
terwards  be  precipitated  in  the  stale  of  a  carbonate,  by  t 
solution  of  carbonate  of  potash.  Let  the  precipitated, 
earth  be  well  washed  with  distilled  water  ;  and,  il  the 
pure  barytes  is  to  be  obtained  from  it,  let  it  be  treated  as 
directed  Chap.  X. 

(A.)  Sulphate  of  barytes  is  also  decomposed  whi 
nitcu  with  powdered  charcoal,  which  abstracts  the  oxvgen 
of  the  sulphuric  acid,  and  leaves  a  combination  of  sulphi 
and  barj'tes.     From  this,  the  barytes  nuay  be  removed  by 
muriatic  acid,  as  already  directed,  and  the  muriatic  solu- 
tion be  decomposed  by  carbonate  ot  potash, 

(i. )  The  sulphate  of  barytes,  when  decomposed  by  char- 
coal, affords  one  variety  of  solar  phosphorus.  This  pho»« 
phorus  has  been  called,  from  the  place  where  the  sulphata 
IS  found  from  which  it  was  first  prepared,  the  Bologniaa 
phosphorus.  The  native  sulphate,  powdered  after  being 
ignited,  and  finely  sifted,  is  to  be  formed  into  a  paste.i 
with  mucilage  of  gum  arable,  and  divided  into  cylinders^ 
or  pieces  of  one-fourth  of  an  inch  in  thickness.  These,  ^ 
after  being  dried  in  a  moderate  heat,  are  to  be  closed 
to  the  temperature  of  a  wind-furnace,  placed  in  the  midst 
of  the  charcoal.  When  the  fuel  is  half  consumed,  it 
must  be  replenished,  and  suffered  to  burn  out.  The  pieces 
will  be  found,  retaining  their  original  shapes,  among  the 
ashes,  from  which  they  may  be  separated  by  the  blast  of  » 
pair  of  bellows.  They  must  be  preserved  in  a  WcU* 
stopped  vial. 

This  phosphorus,  after  being  exposed  a  few  minutes  to 
the  sun's  rays,  shines  in  the  dark  sufficiently  to  render 
visible  the  dial  of  a  watch.  This  property  is  lost  by  i-e- 
peated  use,  in  consequence  of  the  ox)'genation  of  the  sul: 
phur;  but  may  be  restored  by  a  second  calcination. 

(i.)  Sulphate  of  bar}'tes,  when  artificially   formed 
calcined,  contains  per  cent.  25  acid  and  75  earth, 
native   sulphate,  according  to  Klaprodi,  is  composed 
icid  and  two-diirds    base.     {Contributions, 
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one-third   : 


3:7.) 
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Art.  V.^'^ulphate  of  Strontitea. 

I.  This  salt  resembles,  very  nearly,  the  sulphate,  of  ba- 
rjrtes.  It  may  be  formed  in  a  similar  manner,  by  pour« 
ing  the  solution  of  pure  strontites  into  diluted  sulphunc 
acid,  or  into  the  solution  of  an  alkaline  sulphate  ;  for  it 
has  a  strongt^r  affinity  than  any  of  the  alkalies  for  sulphuc 
ric  acid*     It  is  soluble  in  3840  parts  of  boiling  water. 

II.  The  sulphate  of  strontites  is  also  found  native  in 
considerable  quantities ;  chiefly  at  Aust  Passage,  and  at 
other  places  in  the  neighbourhood  of  BristeL  As  the  na- 
tive carbonate  is  now  becoming  scarce,  this  compound 
may  be  advantageously  employed  for  procuring  artificial 
carbonate  of  strontites.  The  process  b  precisely  similar 
to  that  already  prescribed  for  decomposing  the  sulphate 
of  barytes,  (Art.  iv.  5-.) 


Art.  VL—Sulphate  of  Lime.     (N.  21.) 

I.  The  sulphate  of  lime  is  formed,  by  adding  to  the 
carbonate  a  sufficient  quantity  of  sulphuric  acid  ;  and  by 
gently  calcining  the  residue,  to  expel  the  redundancy  o£ 
the  latter  acid.  It  is  also  found  native,  in  gr^t  abun- 
dance,  under  the  names  of  gypsum,  plaster  of  Paris,  &c. 

II.  It  has  the  foUowing  properties : 

1.  It  is  insipid  and  free  from  smelL 

2.  It  is  difficultly  soluble,  requiring  500  times  its  weight 
of  cold  water,  or  450  of  hot  water. 

3.  It  is  fusible  by  a  moderate  heat.  After  calcination, 
it  absorbs  water  rapidly^  and  forms  a  good  cement. 

4.  It  is  decomposed  by  carbonates  of  alkali,  a  double 
exchange  of  principles  ensuing.  Hence  the  milkiness 
which  ensues  on  adding  carbonate  of  potash  to  most  spring 
waters ;  the  carbonate  of  lime,  which  is  generated,  being 
less  soluble  than  the  sulphate.  Hence,  also,  hard  waters, 
which  always  contain  sulphate  of  lime  in  solution,  curdle 
soap,  the  alkali  of  which  is  detached  by  the  sulphuric 
acid,  and  the  oil  is  set  at  liberty. 

5.  It  is  decomposed  by  ignition  with  charcoal,  which 
separates  the  oxygen  of  the  sulphuric  acid,  and  leaves  a 
combination  of  lime  with  sulphur. 

S 
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Art.  VII — Sulphate  of  Mugnesia. 

1.  When  highly  concentrated  sulphuric  add  is  suddeoi-. 
ly  added  to  fresh -prepared  and  pure  magnesia,  prodigtoi 
heat  and  vapour  are  excited,  and  are  accatnpunied  fi 
ijueotlj'  wiih  an  extrication  of  light.     This  appcai 
was  firet  observed  by  Wcsirumb. 

II.  If  the  carbonate  of  magnesia  lie  added  to  diluted 
sulphuric  acid,  the  carbonic  acid  is  expelled,  and  a  solu- 
tion of  sulphate  of  magnesia  is  formed,  which  crystallizes 
on  cooling.  Crystals  of  sulphate  of  magnesia  may  also 
be  procured  in  the  shops,  under  the  name  of  Epsom 
salt. 

HI.  These  cn'stab  have  the  following  properties  : 
!.  They  have  the  form  of  small  quadrangular  prisma, 
surmounted  by  quadrangular  pyramids  with  dihedral  sum- 
nits. 

2.  At  the  temperature  of  60°,  this  salt  is  soluble  in  an 
equal  weight  of  cold  water,  and  in  three-fourths  its  weight 
of  boiling  water,  which  thus  receives  an  addition  of  one 
fourth  to  its  bulk. 

3.  It  effioresces  in  the  air,  and  is  slowly  reduced  to 
powder.  When  exposed  to  a  strong  heat,  it  undergoes 
the  watery  fusion,  but  ia  not  volatilized. 

4.  Its  solution  b  precipitated  by  carbonates  of  potaab 
and  of  soda ;  but  not  by  carbonate  of  ammonia,  unless 
heat  is  applied.  The  carbonate  of  magnesia  of  the  shops 
is  prepared,  by  mixing  together  concentrated  and  hot  so- 
lutions of  carbonate  of  potash,  and  sulphate  of  magnesia* 
The  sulphate  of  potash,  thus  formed,  is  removed  by  co- 
pious washing  with  water,  and  the  carbonate  of  magne- 
sia ia  then  dried.  The  proportions  employed  are  filtered 
solutions  of  equal  weights  of  the  two  sits,  each  in  iu 
own  weight  of  boiling  water. 

5.  When  a  dilute  solution  of  carbonate  of  soda  is  mix- 
ed with  a  dilute  solution  of  sulphate  of  magnesia,  and 
the  sub-carbonate  which  is  formed,  if  any,  is  separated  by 
titration,  crystals  of  carbonate  of  magnesia,  after  some 
lime,  shoot  in  the  liquid,  containing  a  larger  propor- 
tion of  carbonic  acid,  and  already  dcacribed  Chap.  X. 
Sect.  iv. 
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JIECT.  IV*  SULPHATES.  1<30 


Art.  VIII.  Sulphate  of  Ahimine. 

The  properties  of  this  sak  may  be  exhibited  by  those 
of  the  common  alum  of  commerce ;  though,  as  wUl  after- 
wards appear,  alum  is  not  merely  a  combination  of  this 
earth  with  sulphuric  acid.  It  has  the  following  charao- 
ters. 


(a.)  It  has  a  sweedsh  astringent  tast&i 


bJ)  It  dissolves  in  water,  five  parts  of  wUch,  at  60^, 
take  up  one  of  the  salt,  but  hot  water  cSsacdves  about  3^ths 
of  its  weight. 

(cJ)  This  solution  reddens  vegetable  blue  colours ;  which 
•proves  the  acid  to  be  in  excess. 

(dl)  When  mixed  widi  a  solutibn  of  carbonate  of  pot- 
ash^ an  effervescence  is  produced  by  the  uncombmed 
acid,  which  also  prevents  the  first  portions  of  alkali,  AtA 
are  added  to  a  solution  of  sulphate  of  alumine,  from  oc- 
casioning any  precipitate. 

(f.)  On  a  farther  adctidon  of  alkali,  the  alumine  is  pre- 
cipitated. 

(Jl)  Sulphate  of  alumine,  when  heated,  swefls  up,  loses 
its  regular  form,  and  becomes  a  dry  spongy  mass  ;  but, 
according  to  Vauquelin,  (37  Ann.  de  Chtnu  p.  91.)  the 
whole  of  its  acid  cannot  thus  be  expelled. 

{g.)  The  combination  of  sulphuric  acid  with  ahimine 
is  incapible  of  crystallizing  without  an  admixture  of  sul- 
phate of  potash,  (N.  22.)  which  fiorms  a  constituent  of  aH 
the  alum  of  commerce.  According  to  Vauquelin,  100 
parts  consist  of  49  dry  su^hate  of  sdumine,  7  sulphate  of 
potash,  and  44  water. 

(h.)  It  is  decomposed  by  charcoal,  which  combines 
widi  die  oxygen  of  the  sulphuric  acid,  and  leaves  ihe 
sulphur  attached  to  the  alumine.  A  combinatiOD  of  alu- 
mine, sulphur,  and  charcoal,  forms  the  pyrophorus^of 
HonUferg.  To  prepare  diis,  equal  parts  of  powdered  alufh 
and  brown  sugar  are  melted  over  the  fire,  and  are  kept 
stirring  dU  reduced  to  dr3mes8.  The  mixture  is  then  to 
be  finely  powdered,  and  introduced  into  a  common  phial, 
coated  indtb  -day,  to  which  a  glass  tube,  open  ai  each  end, 
is  luted,  to  allow  the  escape  of  the  gases  that  are  produce 
^d.    The  phial  must  then  be  set  in  the  fire,  surrounded 
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by  sand,  in  a  crucible.  Gas  will  issue  from  the  open  end 
ol'  the  tube,  and  may  be  inflamed  by  a  hghted  paper. 
When  this  ceases  to  escape,  the  crucible  may  be  mnoved 
from  the  fire,  and  a  Ittle  moist  clay  pressed  down  upoa 
the  open  end  of  the  tube,  to  prevent  the  access  of  air  U 
the  contents  of  the  phial. 

I'he  pyrophorus  thus  formed  is  a  black  and  light  powda 
which  instantly  takes  fire  when  poured  out  of  the  bottle  ' 
to  the  air,  and  inflanies  suddenly  in  ox)  gen  gas. 


Art.  IX. — Sulphate  of  Glucine. 

Glucine  combines  rcatUly  with  sulphuric  acid,  both  iol 
its  pure  and  cartmnated  state.     The  resulting  salt  is  ej^ 
tremtly  soluble;  insomuch  that,  when  evaporated,  it  as- 
sumes the  form  of  a  synip,  without  crystallizing.     Its  taste 
is  sweet,  and  rather  astringent.     It  is  decomposed  entirely 
in  a  high  temperature,  the  earth  being  left  in  a  state  of  pi^  J 
rity.     It  is  also  destroyed  by  ignition  widi  charcoal.     Itfl 
does  not  yield  its  earthy  ingredient  lo  any  of  the  acids|l 
but  is  decomposed  by  all  die  alkalis  and  earths,  alumim 


Art.  X. — Sulphate  of  Zircon. 

ToelTcci  the  combination  of  zircon  with  any  acid,  thfiv 
earth  should  be  fresh  precipitated ;  for,  after  being  driedi 
it  enters  with  difltcult)'  into  union. 

The  salt,  resulting  from  the  union  of  sulphuric  acid  with 
zircon,  is  \t'hite,  insoluble,  and  without  taste.     It  is  de>  . 
composed  by  a  high  temperature,  which  expels  the  i 
and  leaves  the  zircon  pure.     It  is  not  changed  by  o 
acids,  but  uelds  its  sulphuric  acid  to  the  alkalies,  i 
most  of  the  earths. 


Art.  XI. — Sulphate  of  Yttr'ta. 

Sulphuric  acid  readily  dissolves  ytiria,  and  caloric  i 
evolved  during  the  process.  As  the  solution  goes  on,  th 
sulphate  cr^sullizes  in  small  brilliant  grains,  which  have  1 
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a  «weeti&h  taste,  but  less  marked  than  that  of  the  sulphate 
of  glucine.  Their  colour  is  a  light  amethyst  red.  They 
require  30  parts  of  water,  of  the  temperature  of  60*",  for 
fioluuon,  and  give  up  their  acid  when  exposed  to  a  high 
temperature.  They  are  decomposed  by  oxalic  acid, 
prussiate  of  potash,  infusion  of  galls,  and  phosphate  of 
soda. 


SECT.  V. 


Sulphites. 

I.  The  combination  of  sulphurous  acid  with  alkaline 
and  earthy  bases,  may  be  effected  by  passing  the  gas,  as 
it  proceeds  from  the  materials,  (Sect  II.  h.)  through  the 
base,  dissolved  or  diffused  in  water.  An  intermediate 
vessel  may  be  placed,  as  represented  fig.  30.  and  31.  to 
condense  any  sulphuric  acid  that  may  pass  over ;  and  -the 
solution  of  the  alkali  or  earth  may  be  contained  in  a  bottle 
with  two  necks.  Pure  potash,  soda,  or  ammonia,  are 
readily  kept  in  solution;  but  barytes  or  strontites  must 
be  dissolved  in  boiling  water;  and  the  botde  containing 
them  must  be  surrounded  wiUi  hot  water,  while  the  gas 
is  transmitted  through  the  solution.  The  solution,  when 
saturated  with  gas,  may  be  evaporated ;  and  this  is  best 
done  in  an  alembic,  covered  with  its  capital,  because  the 
salt  is  changed  by  the  action  of  the  atmosphere. 

II.  The  sulphites  have  no  peculiarly  interesdng  pro- 
perties,  that  can  endde  them  to  minute  and  specific  de- 
scripdon,  in  a  work  devoted  solely  to  the  students  of  che- 
mical science.  I  shall  enumerate,  therefore,  those  pro- 
perties only  that  belong  to  the  whole  class ;  and  refier, 
for  farther  information,  to  the  2d  and  24th  volumes  of  the 
Annaks  de  Chimie.  Their  general  qualities  are  the  fiol- 
lowing: 

1.  They  have  a  disagreeable  taste  and  smell,  resem- 
bling that  of  the  fumes  of  burning  sulphur. 

2.  When  heated,  they  emit  sulphurous  acid  and  water^ 
and  then  sulphur,  which,  on  the  application  of  an  inflamed 
substance,  takes  fire,  and  bums  violently. 

3.  Es^osed  to  the  atmosphere,  in  a  state  of  solution, 
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they  absorb    oxygen,  and  are  slowly  changed  into  su£> 
phates, 

4.  When  added  lo  nitric  acid,  red  fumes  arise,  and  the 
salts  become  sulphates.  Oxygcnised  muriatic  acid  pro- 
duces the  same  elTect.  Concentrated  sulphuric  acid  expels 
sulphurous  acid  gas,  which  may  be  collected  over  mer- 
curj-. 

5.  When  perfectly  pure,  sulphites  are  not  precipitated 
by  a  solution  of  pure  barytes  or  atrontites,  or  by  any  of 
the  salts  with  base  of  either  of  those  earths.  If  a  preci- 
pitation ensue,  it  indicates  the  presence  of  a  port) 
sulphate. 

SECT.  VI. 


Binary  Compoundt  of  Sulphur. — Isf,   J^lth  Aiictiies-^t 
2rf,  With  Suip/iur.* 

Art.  1. — Sulphurets. 

I.  The  combination  of  sulphur,  with  the  lixed  alkalies 
and  earths,  may  be, formed  by  fusing  together,  in  a  co- 
vered crucible,  equal  parts  of  sulphur  and  tht  respective 
alkali  or  earth  with  which  it  is  to  be  combined.  The 
compound  is  to  be  poured,  when  in  a  stale  of  fusion,  into 
an  iron  dish,  or  upon  a  smooth  stone;  and  preserved  in  a 
well-closed  bottle.  These  compounds  have,  for  the  most 
part,  a  reddish  brown,  or  liver  colour  i  and  hence  were 
formerly  called  hepars,  or  livers  of  sulphur.  They  may 
be  formed,  also,  by  fusing  the  alkaline  or  earthy  sulphates 
with  powdered  charcoal  ;  but  in  this  case,  the  sulphurct 
generally  contains  a  portion  of  carbonic  acid,  and  also  of 
charcoal. 

Sulphuret  of  lime,  when  intended  for  the  purpose  of 
Cantans  phosphorui.  is  best  prepared  by  placing,  in  a 
crucible,  alternate  strata  of  calcined  and  pounded  oyster 
shells  and  sulphur;  exposing  them  to  a  moderate  heat; 
and  then  contlning  them  in  a  bottle  with  a  ground  stopper. 
Or,  according  to  the  original  directions  of  Canton,  three 
parts  of  oj'stiT  shells,  calcined  lor  about  an  hour  and  pul- 
verised, are  to  be  mixed  with  one  of  sulphur,  and  ram- 
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med  tightly  into  a  cruGiUe,  which  is  to  be  kept  red-hot 
for  about  an  hour.  The  compound,  when  cold,  has  the 
properties  already  assigned  to  the  Bolognian  phosphorus. 

II.  Sulphurets  have  the  following  properties : 

(a.)  In  a  moist  state  they  emit  an  offirnsive  smell,  and 
have  a  disagreeable  taste. 

(jk.)  They  change  to  green  the  colour  of  violets,  in  the 
same  manner  as  uncombined  alkalis. 

(c.)  They  blacken  the  skin,  silk,  and  other  animal  sub- 
stances. 

(d)  Hiey  are  decomposed  by  all  acids.  Into  a  Nooth's 
machine  put  a  weak  solution  of  sulphuret  of  alkali,  and 
pass  through  it  streams  of  carbonic  acid  gas.  In  the 
course  of  a  few  days,  die  sulphur  will  be  precipitated, 
and  a  carbonate  of  aU^ali  will  be  obtained.  This  decompo- 
sition ensues,  instantly,  on  adding,  to  a  solution  of  a  sul- 
phuret, any  of  the  stronger  acids,  as  the  sulphuric,  nitric, 
or  muriatic  ;  and  we  obtain  a  compound  of  the  alkali  with 
the  respective  acid  employed. 

(e.)  The  liquid  sulphurets  absorb  oxygen  gas.  This 
may  be  shewn  by  the  experiments  already  described^ 
(Chap.  V.)  If  the  change  thus  efiected  be  examined,  it 
win  be  foimd  diat  the  oxygen  has  combined  with  the  sul- 
phur, and  formed  sulphuric  acid,  which,  uniting  with  the 
alkali,  has  composed  the  sulphate  of  potash* 

(f.)  If  dilute  muriatic  acid  be  poured  on  the  solution 
of  sdphuret  of  potash  or  soda,  a  violent  cifiervescence 
will  ensue,  and  a  very  offensive  gas  be  disengaged.  This 
gas  may  be  collected  over  water.  It  is  termed  sulphuret- 
ted hydrogen  gas. 

Art.  II. — Sulphuretted  Hydrogen  Gas. 

I.  Thb  gas  may  be  obtained  in  the  foregoing  manner, 
or  from  a  mixture  of  three  parts  by  weight  of  iron  filings 
and  one  of  sulphur,  previously  melted  together  in  a  co- 
vered crucible.  A  portion  of  die  fused  mass  may  be  put 
into  a  gas-botde,  and  diluted  sulphuric  or  muriatic  acid 
poured  on  it,  which  will  extricate  the  sulphuretted  hy- 
drogen gas. 

II.  lu  properties  are  the  following : 
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(a.)  Its  smell  is  eitremely  offensive,  resembling  that  of 
puwi^Tng  eggs. 

(i.)  It  is  inftammaUe,  and  burns  cither  silently 
an  explosion,  according  as  it  is  previously  mixed,  or  not, 
with  oxygi:n  gas  or  atmospheric  air.  During  this  com* 
bustion,  water  results  from  the  union  of  the  hjdrogc* 
with  the  oxygen,  and  sulphuric  and  sulphurous  acids  from 
that  ol  the  oxygin  and  sulphur. 

When  three  parts  of  suljihuretted  hydrogen  are  mingled 
with  two  of  nitrous  gas,  the  mixture  bums  with  a  yellow- 
ish green  flame. 

(c.)  It  tarnishes  silver,  mercury,  and  odier  polished  mo- 
tals,  and  instantly  blackens  white  paint. 

{d.)  It  is  absorbed  by  water,  which  takes  up  its  own 
bulk,  and  thus  acquires  the  pecuhar  smell  of  the  gas.  It 
is  this  gas  which  gives  to  the  Harrowgate,  and  some  other 
natural  watcre,  their  disagreeable  odour. 

(f.)  Water,  saturated  with  this  gas,  turns  red  the  iofU" 
sion  of  vioUts,  in  this   respect  producing  ihu  effect  of  an 

(./■)  Water  impregnated  with  sulphuretted  hydrogeil( 
when  exposed  to  the  atmosphere,  becomes,  covered  witN 
a  pellicle  of  sulphur.  Sulphur  is  even  deposited  when 
the  water  is  kept  in  well-clc^ed  bottles. 

{g.)  On  the  addition  ot  a  lew  drops  of  nitric  or  nitrous 
acid  to  the  watt-ry  solution,  sulphur  is  instantly  precipi- 
tated. Id  this  case  the  oxygen  ot  the  acid  combines  with 
the  hydrogen  otthe  gas,  and  the  sulphur  is  separated. 

(A.)  This  gas,  as  will  afterwards  appear,  is  decomposed 
by  mixture  with  oxvgeniaed  muriatic  acid  gas  ;  and  Std- 
phur  is  precipitated. 

(j.)  It  is  decomposed  also  when  kept  in  a  state  of  mix- 
ture with  atmospheric  air,  the  ox\  gen  of  which  combines 
with  the  hydrogen,  and  forms  water,  while  the  sulphur  is 
precipitated. 

(i.)  When  sulphuretted  hydrogen  gas  and  sulphurous 
acid  gas  are  mingled  together,  the  hydrogen  of  the  foAi 
mcr  unites  with  the  oxygen  of  the  latter,  and  the  sulphd^j 
of  both  is  precipitated.  A 

(/.)  It  is  decomposed  when  passed  over  ignited  cha^ 
coal,  and  is  converted  into  carbui'etted  hydrogen  gas, 

(m.)  Sulphuretted  hydrogen,  according  to  Thcnard,  is 
composed,tn  lOOpans,  of29 hydrogen,  and  71  sulphor. 
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(n)  It  predpitates,  both  in  the  state  of  a  gas  and  of 
watery  impregnation,  all  metallic  solutions,  excepting 
those  of  iron,  nickel,  cobalt,  manganese,  titanium,  and 
molybdena. 

(p)  It  is  cotuously  absorbed  by  alkalis,  and  by  all  the 
earths,  exceptmg  alumine  and  zircon.  These  alkaline 
and  earthy  combmations  are  termed  hydro-sulphurets. 


Art.  III. — HydrthSulphurets. 

In  its  union  with  alkaline  and  earthy  bases,  sulphuretted 
hydrogen  seems  to  perform,  in  a  great  measure,  the  func- 
tions of  an  acid ;  and  presents,  therefisre,  an  important 
exception  to  the  doctrine  of  acidification  ;  for,  in  tlus  in- 
stance, a  body,  entirely  destitute  of  oxysen,  possesses 
some  of  the  most  important  characters  of  an  acid,  viz. 
the  property  of  changmg  vegetable  blues  to  red,  aiod  of 
uniting  with  alkalis. 

I.  The  hydro-sulphurets  may  be  formed,  by  transmit- 
ting^ sulphuretted  hydrogen  gas,  as  it  issues  from  the  ma- 
terials that  afibrd  it,  through  a  solution  of  the  alkaline  or 
earthy  base.  Or  the  base,  when  insoluble,  must  be  kept 
suspended  in  water  by  mechanical  agitation. 

II.  The  hydro-sulphurets  have  several  quaUties  com- 
mon to  the  whole  genus. 

1.  They  are  all  soluble  in  water,  and  the  recent  solution 
is  colourless.  By  exposure  to  the  air,  however,  it  first 
becomes  green,  or  greenish  yeUow,  and  deposits  sulphur 
OD  the  sides  of  the  vessel.  The  glass  bottle,  containing 
the  solution,  becomes  black- on  its  inner  surface^  in  conse- 
quence of  the  combination  of  sulphur  with  the  oxide  of 
lead  contained  in  the  glass. 

2.  After  long  exposure  to  the  atmosphere,  the  solution 
entirely  loses  its  colour,  and  aeain  becomes  perfectly  lim- 
pid. When  examined,  it  is  found  to  consist  of  a  com- 
bination of  sulphuric  acid  with  the  peculiar  base  of  the 
hydro-sulphuret.  This  is  owing  to  the  absorption  of  oxy- 
gen, which  all  hydro-sulphurets  take  from  the  atmo- 
sphere ;  the  formation  of  a  sulphite  ;  and  the  conversion 
of  this,  by  farther  oxygenation,  into  a  sulphate.  Hence, 
when  confined  in  contact  with  a  limited  quantity  of  at- 
mospherical air,  hvdro-sulphurets  effect  a  diminution  of 
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volume  ;  and  may  be  employed  to  ascertain  its  propoitioi 
oF  oxygen.     They  entirely  absorb  pure  oxj'gen  gas. 

3.  When  an  acid  is  poured  on  any  of  the  hydro-sulplu 
relB,  the  sulphuretted  hydrogen  gas  is  disengaged, 
acid  employed  should  be  one  which  strongly  retains  ii._ 
oxygen,  such  as  the  sulphuric  or  muriatic  i  otherwise  ic  I 
will  probably  be  decomposed.     A  hydro-sulphurei,  whicji  i 
has  been  a  fetv  days  exposed  to  the   air,  yields,  by  l' " 
treatment,  sulphurous  acid  gas,  along  with   sulphurettei 
hydrogen. 

4.  The  solutions  ol'  hydro- su I phu rets  precipitate  all  b 
tallic  soKiiions.     They  also  precipitate  alumine  and  zifcoi 
from  their  solutions,  but  no  other  earths. 

5.  The  hydro-sulphurels  are,  for  the  most  part,  suscept 
H)le  of  a  ixrgiilarly  crystallized  form. 

The  enumeration  of  these  characters  appears  to  me  t^  1 
he  sufficient   for  the   purposes  of  the   general  student.—  " 
More  detailed  information  maybe  found  in  a  memoir  C. 
Herthollct,  in  the  25th  vol.  of  the  Ann.  de  Chita. :   a^  j 
in  an  essay  of  Vauquelin   irt  the  42d  vol.  of  the  sabif  I 
work. 


Art-  IV. — Suprr-Sulfi/tiirelted  Hydrogen,  and  HydrogUf  J 
retted  Sulplturtts. 

Super-sulphuretted  hydrogen  is  obtained,  when  hjdro- 
sulphuret  of  potash  is   poured,  by   little   and  little,  into 
muriatic  acid.     A  very  small  portion  only  of  gas  escapes^    . 
and  while  the  greater  part  of  the  sulphur  separates,  criUt  J 
portion  of  it  combines  «-ith  the  sulphuretted  hydrogen  j  I 
assumes  the  appearance  of  an  oil  ;  and  ia  depositcJ  at  thi;    i 
bottom  of  the  vessel.     When  separated,  by  decanting  die 
fluid  from  above  it,  its  properties  arc  the  following; 

1.  If  gi^ntly  heated,  sulphuretted  hydrogen  gas  exhales 
from  it  i  the  supec'sulphurct  loses  its  fluidity  ;  and  a  re- 
sidue is  left,  consisting  merely  of  sulphur. 

S.  It  combines  with  alkalis  and  eaiths;  and  Forms 
with  them  a  class  of  subsunces  called  hydrogurctted  sol- 
phurcls. 

There  are,  therefore,  three  distinct  combinations  of 
sulphur  and  its  compounds  witli  alkalis  and  earths.  The 
iixit^        t»  simply,  of  sulphur,  irnited  with  an  alkaline  | 
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f)r  e^iih;^  bj^se^  vf^  are  called  striptly  sulpfiurets^  The 
second  are  composed '  of  sulphuretted  hyq^^n,  united 
widiabiai^e^  and  ^  P^l^ed  hycfro^sulphurets.  'Tb^  third 
cqnt^  ^uper-su)phuf^tted  bydcogen,  attached  to  f^  b^se, 
and  coniBtitute  hyaroguretted  sulphured. 

The  flulphu^ets  ci|p  exist,  as  such,  only  in  a  dry  state ; 
for  the  momept  they  begin  to  dissolve  in  lyater,  a  decoip- 
{ositicm  of  tha(  luid  commences ;  sulphuretted  hydro- 
gen Is  'formed;  and  this,  uniting  with  an  additional  dose 
of  sulphur,  composes  super-sulphuretted  hydrogen.  This 
last,  uniting  with  the  base,  forms  an  hydroguretted  suU 
phuret.  Hence  the  sulphurets  are  changed,  by  solution, 
into  hydroguretted  sulphurets. 

II.  The  hydroguretted  sulphurets  are  also  formed  by 
boiling,  along  widi  a  sufl&cieut  c^uantity  of  water,  the  al- 
kaline, or  earthy  base,  with  flowers  of  sulphur.  Thus  a 
solution  of  pure  potash,  pure  soda,  or  of  barytes  or  stron- 
tites,  may  be  changed  into  hydroguretted  sulphurets. 
To  prepare  this  compound,  with  ba^  of  lime,  the  pow- 
dered eardi,  mixed  widi  sulphur,  may  be  boiled  with  a 
proper  quantity  of  water,  and  the  solution  filtered.  The 
hydroguretted  sulphuret  of  ammonia  (which  base  cannot, 
in  strictness^  owing  to  its  liquid  form,  compose  a  true  sul- 
phuret) may  be  prepared  as  follows :  Mix  together,  in  a 
mortar,  three  parts  of  lime,  fallen  to  powder  in  the  air, 
and  sifted,  one  part  of  muriate  of  ammonia,  and  one  of 
flowers  of  sulphur.  Introduce  the  mixture  into  a  retort, 
and  apply  a  receiver.  Begin  the  distillation  with  a  gen- 
de  heat.  The  first  liquor,  that  comes  over,  has  a  light 
yellow  tinge,  and  emits  fumes;  the  second  has  a  deeper 
colour,  and  is  not  fuming.  When  the  latter  begins  to 
imp<^,  the  fire  may  be  raised. 

'  Anci^er  method  of  forming;,  by  a  very  simple  proqess, 
the  bydcogure^ed  sulphurets,  consists  in  digesting,  in  a 
gentle  heat,  a  bydro-sulphuret  with  powdered  sulphur,  an 
additional  portion  of  wnich  is  thus  dissolved  by  the  sul- 
phuretted hydro^n. 

Hydroguretted  sulphurets  have  the  following  proper- 
ties. 

1.  They  have  a  deep  greenish-yellow  colour  ;  an  acrid 
and  intensely  l^itter  taste;  and  an  excessively  oiTensive 
Sfpell. 

2.  They  deposit  sulphur  when  kept  in    *        "^ssf 
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become  much  more  traasparem  and  tighter  coloured  ;  and  J 
less  offensive  to  the  smell. 

3.  They  rapidly  absorb  oxygen  from  the  atmosphere,    i 
and  from  oxygtn  gas.     Htnce  their  employiv 
diomeir^-.     (See  Chap.  v.  Sect.  4.) 

4.  On  the  addition  of  dilute  sidphuiic,  or  muriatic,  or 
of  certain  other  acids,  they  are  decomposed.  Sulphuret- 
ted hydrogen  gas  is  evolved,  and  sulpnur  is  precipitated. 


TlOir    OF    A20TE    WITH    OXYGEN,   CONBTll 

NITRIC  ACID, NITROUS  GAS, NITROI;b  OXIOE^ 

COHPOimDS  OF  NITRIC  ACID  WIT 


Nitric  Acid. 

'  I.  The  direct  combination  of  azote  and  oscygen,  i 
lording  a  decisive  synthetic  proof  of  the  nature  of  this 
acid,  may  be  effected  by  passing  the  electric  shock 
through  a  mixture  of  azotic  and  oxygen  gases.  The  ex- 
periment is  an  extremely  laborious  one,  and  requires,  for 
its  performance,  a  powerful  electrical  machine  ;  but  those 
who  are  disposed  to  repeat  it,  may  proceed  as  follows. 

Let  the  tube,  fig,  29,  be  filled  with,  and  inverted  in, 
mercury.  Pass  into  it  a  portion  of  atmospherical  air» 
or  an  artificial  mixture  of  azotic  and  oxygen  gases,  in 
the  proportion  of  1  of  tlic  former  to  2  of  the  latter. — 
Let  an  iron  wire,  lengthened  out  with  one  of  plaiina,  be 
introduced  within  the  tube,  so  that  the  latter  metal  only 
may  be  in  contact  with  the  mixed  gases  ;  and  let  the 
end  of  this  wire  be  distant  about  l-4th  of  an  inch  from  J 
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the  eztremi^  of  the  upper  one.  When  the  apparatus  is 
thus  disposed,  pass  a  series  of  electric  shocks  through  the 
gases  for  several  hours.  The  mixture  will  be  diminished 
in  bulk  ;  will  redden  litmus  paper  when  inclosed  in  it ; 
and  will  exhibit  distincdy  the  smell  of  nitrous  acid.  If 
the  experiment  be  repeated,  with  the  addition  of  a  few 
drops  of  solution  of  potash,  in  contact  with  the  gases, 
we  shall  obtain  a  combination  of  nitric  add  with  potash. 

For  all  purposes  of  utility  or  experiment,  however,  m- 
tric  acid  is  prepared  in  a  different  manner,  viz.  by  the 
decomposition  ci  nitrate  of  potash,  in  a  way  which  will 
presendy  be  described. 

II.  The  analysis  of  the  acid  may  be  obtained  by  driv- 
ing it  through  a  red-hot  porcelain  tube,  (fig.  40,  cc.)  and 
receiving  me  generated  gases,  which  prove  to  be  a  mix- 
ture of  azodc  and  oxygen  gases. 

IIL  The  nitric  acid  has  the  following  properties : 

(a)  It  is  heavier  than  water,  in  the  proportion  of  1.5 
tol. 

In  its  heaviest  form,  however,  it  still  contains  a  portion 
of  water.  Pure  nitric  acid  may  be  considered  as  a 
gaseous  body,  of  die  specific  gravity,  compared  with 
common  air,  of  2440.  The  liquia  acid  consists  of  this  gas 
condensed  by  water,  of  which  it  contsdns  various  pro- 
portions, as  is  shewn  by  the  following  table  of  Mr.  Dav^. 
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Of  the  quanX'ilieii  of  True  Nitric  A>:id  in  ssltUiO 
fcrait  Specif  c  Craoiliti. 


loo  Parts  N.UIC 

AcidofsptciGc 
gravity 

Trw  Add* 

Water 

1,5040 

91,S5 

*AS 

1,4475 

a 

80,39 

19,61 

1,4*85 

3 

n,6J 

3«,3J 

1,3906 

n 

63,96 

37fi^ 

1,3551 

" 

56,88 

43,12 

1,3186 

52,03 

47,97 

1,3042 

49,04 

50,96 

1^831 

46.03 

^3,97 

1,2090 

45,2? 

54,73 

ttrie  acid,  according  to  the  same  in- 
mpo&ed  of  29^  azote,  and  70^  oxyh 


^  M)  Pure  gaseous 
genious  chemist,  is  c 

(c)  The  water)'  solution  is  perfectly  limpid  and  cofouiv 
less. 

(c/)   It  gives  a  yellow  stain  to  the  ski 

((■)  It  boils  at  248"  Fahrenheit,  and  may  be  distilled' 
over,  without  any  essential  change.  , 

(/)  It  absorbs  moisture  from  the  atmosphere  ;  and, 
hence  it  increases  in  wei^t,  and  diminishes  in  specific 
gravitj-,  by  exposure  to  the  air. 

ff)  When  two  parts  of  the  acid  are  suddenly  diluted 
with  one  of  water,  an  elevation  of  temperature  is  pro- 
duced to  about  112°  Fahrenheit.  When  more  water  Is 
added  to  this  diluted  acid,  its  temperature  is  reduced. 

(A)  It  becomes  coloured  by  exposure  to  the  sun's  light, 
passing  first  to  a  straw  colour,  and  then  to  a  deep  orange. 


I 


*  The  quanti 


.      ■  I  Let  d  =•  the  true 


oiygcne  and  nitrogcncin  any  solutioo,  may  be  ihM   1 
le  true  acid,  x  the  oiygene,  and  y  the  nitrogetic- 
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This  eilect  is  produced  by  the  union  of  die  light  of  the 
sun  with  oxygen,  in  consequence  of  wluch  the  proportion 
of  the  acidi^ng  principle  to  the  azote  is  diminished* 

By  exposing  it  to  the  sun's  rays  in  a  gas-botde,  the  bent 
tube  of  which  terminate  under  water,  oxygen  gas  may  be 
prociu:ed* 

(f)  This  tbM  r^tahi^  its  oxygen  with  but  litde  force.^ — 
Hence  it  is  decomposed  by  aU  combnstible  bodies,  which 
^k«  oxygenized  by  H,  with  more  (Or  les»  Mpidity  in  propor^ 
don  to  dieir  afiiiity  for  t>^grgen. 

1.  When  lihiu^ttAto  contact  tnth  hydrog«n  gas  at  a 
high  temperature,  a  vicrtent  detonation  ensues.  This  ex^ 
periment,  therefore,  requires  gp-eat  caution.  S.  Poured 
on  perfecdy  dry  and  powdered' charcx>s^  k' excites  the 
combustion  of  ttie  charcoal,  >which  beeoiMes  Ted4iot,  and 
emits  an  immense  quantity  of  fiimes.  S.  It  also  inflames 
essential  o9s  (as  those  of  tulTxmtine  and  cloves,)  when 
suddenly  pourra  on  them.  In  these  experiments,  die  add 
should  be  pouredout  6f  a  bottle,  tied  to  the  end  of  a  long 
stick  ;  otherwise  the  operator's  face  and  eyes  may  be  se- 
verely faijured.  4.  Nitric  acid  is  decomposed,  by  boiling 
it  in  contact  with  sulphur,  which  attracts  die  oxygen,  ana 
forms  sulphuric  acid. 

(i)  The  acid  is  also  decomposed  by  metails  ;  as  iron, 
tin,  zinc,  copper,  &c.  and  with  diflferent  phenomena,  ac* 
cording  to  the  iffinity  of  each  metal  for  oxygen.  This 
may  be  seen,  by  pouring  some  strong  nitric  acid  on  iron- 
filings,  or  powdered  tin.  Violent  h^,  attended  with  red 
fuhies,  will  be  produced,  and  the  metals  will  be  oxydized. 

(/)  If  the  action  df  metals  on  nitric  acid  be  more  mo- 
derately conducted,  a  new  product  is  obtained  in  a  gaseous 
state.  Dilute  some  nitric  acid  with  an  equal  weight  of 
water,  and  dissolve,  in  this,  some  turnings  of  copper,  or 
a  portion  of  quicksilver,  applying  heat,  if  necessary.—- 
Tlus  must  be  done  in  a  gas  botde,  and  the  product  receiv- 
ed, over  water,  is  nitrous  gas,  or  nitric  oxide. 


MTROUB   OAS. 


SECT.  II. 

Nitroua  Gas,  or  Nitric  Oxide, 

The  properties  of  this  gas  are  the  foUowiug : 

(a)  It  is  pL-rmanent  over  water ;  but  it  is  absorbed  in  ' 
small  quantity,  wKea  agitated  with  water  which  haa  beea 
recently  boiUd,  and  has  become  cold.  This  solution,  ac- 
cording to  La  Grangi:  (vol.  i.  p.  131,)  is  convened,  by 
long  keeping,  into  nitrate  of  ammooia,  in  consequence  ot 
(he  decomposition  of  the  water. 

(£)  When  well  washed  with  water,  it  is  not  acid.  It 
will  be  found  not  to  redden  titmus  paper,  when  introduced 
into  it  through  water. 

(c)  It  extinguishes  flame,  andisfatalto  animals.  Hom- 
berg's  pjTophorus,  however,  is  tniiamed  by  it  ;  and  char- 
coal and  phosphorus,  introduced  into  it  when  in  a  state  of 
actual  combustion,  continue  to  bum  vehemently.  . 

(i/)  Mingled  with  hydrogen  gas,  it  imparts  a  green  go-   j 
lour  to  its  flame.  ' 

(e)  When  mixed  with  oxygen  gas,  red  fumes  arise  j 
heat  is  evolved  ;  a  diminution  takes  place  ;  and  if  the  two 
gases  be  in  proper  proportion,  and  perfealy  pure,  they 
disappear  entirely.  Nitrous  acid,  at  the  same  time,  is 
regenerated. 

{f)  The  same  appearances  ensue,  less  remarkably,  with 
atmospheric    air  ;    and    the    dinunution   is   only   propor- 
tionate   to    the   quantity    of  oxygen   gas   which    it   con- 
tains.    Thus  one  hundred  measures  ot  a  mixture  of  oxy- 
gen and  azotic  gases,  and  85  of  nitrous  gas,  contiun- 
ing  13  per  cent,  of  azotic  gas,   arc  reduced,  by  admix- 
ture, to   about  39;  and  deducting   11    measures  for  the 
azotic  gas,  contained  in  85  measures  of  nitrous  gas,  we 
lind  that  the  air,  under  examination,    contained  28   per 
cent,  of  oxygen  gas.     On  this  principle,  of  its  condcna-  -i 
ing  oxygen,  but  no  other  gas.  Is  founded  the  appticauoa  ■ 
of  nitrous  gas  to  the  purpose  of  cudiomctn,*,  or  of  aacer-  T 
laining  the  puriiy  of  air.     The   sources  of  error,  how-  1 
ever,  in  its  employment  in  this  mode,  are  such  as  to  for-  I 
bid   our  relying   implicidy  on  the  results  which  it   may  I 
aflbrd,  notwithstanding  the  improvements  lately  made  ill  J 
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ks  appHcatiaii  by  M.  Humboldt.  (See  Jmiaks  de  Oumit^ 
voL  28,  p.  123.)  I  prefer  the  sulphuict  of  potash  or  lime, 
as  a  more  certaiatest  of  the  purity  oi'air ;  (Ch«  V.  Sec  4%) 
and  m  this  opinioii  I  have  the  saoctioD  of  M.  BerthoUec 
(See  Aim.  de  Ch.  vol  34,  p.  73.*)        ^ 

Leamiog,  however,  from  Mr.  Dalton,  that  he  con- 
staiuly  employs  nitrous  gas  in  determining  the  purity  of 
air,  and  with  perfect  satiafiiction  as  to  the  accuracy  of 
his  result^,  I  have  obtained  from  him  the  following  com* 
munication. 

*^  To  uae  nitrous  gas  accurately  in  eudiometiy,  it  i$ 
^  only  requisite  to  take  both  gases  in  a  dilute  state, 
^  namely,  containing  three  or  tour  times  their  bulk  of 
^  azotic  gas  (which  atmospheric  air  naturally  does),  or 
^^  of  any  other  gas  not  acted  upon  by  nitrous  or  ozy- 
^^  gen  gases.  In  this  case,  if  an  excess  of  one  gas  be 
*^  used,  the  other  is,  in  a  few  minutes,  entirely  uken  up, 
^  and  in  a  constant  .proportion  ;  wiiatsoever  may  he  the 
^  form  of  the  vessel,  or  the  manner  of  mixing  the  gasei^ 
^  The  proportion  is  1  of  oxygen  to  1.7  of  nitrous,  so 
^  diat  10-Sfth  of  the  diminution  over  water  fu^  oxy- 
^  gen,  and  if •27th  nitrous  gaa.  It  is  .proper,  aa  soon  as 
^^  the  greater  part  of  the  diminution  .has  ensued^  to 
^  tnmsfer  the  mixture  through  water  into  a  graduptted 
««  vessel,  without  using  any  agitation. 

^  If  purd  nitrouB  gas  be  admitted  to  pure  oi^geo  gas 
««  in  a  narrow  eudiometer  tube,  so  that  the  oxygen  gas 
^*  is  uppermost,  the  two  unite  very  nearly  in  the  same 
**  uniform  proportion  as  above.  If,  on  the  othc^r  hand) 
**  the  nitrous  be  the  upper  gas,  a  much  leas  quantity  of 
^  it  disappears,  viz.  1.24  nitrous  to  1  oX}'gen.  If  undi- 
^  luted  nitrous  gas  be  admitted  to  pure  oxygen  gas  in  a 
"  wide  vessel  over  water,  the  whole  effect  takes  place 
^  immediately ;  and  one  measure  of  oxygen  will  condense 
^  3.4  nitrous  gas. 

^  To  render  this  rule  more  intelligible,  an  example 
^  may  be  necessary.  Let  100  measures  ci*  common  air 
«^  be  admitted  to  100  measures  of  a  mixture  of  nitrous 
^^  gas  with  an  equal  proportion  of  azouc  or  hydrogen 


*  Sinct  thit  paragraph  was  written,  ao  improTcment  has  been  made 
in  eudiometrif,  which  will  be  described  in  the  ftub^eqncnt  part  of  tkh 
■ection* 

V 


Alter  standing  a  few  mmutcs  in  the  eudiometer, 
"  there  will  bt  tound  144  measures.  The  loss  5 6  being 
"  divided  by  the  common  divisor,  2.7,  gives  21  nearly 
"  for  the  oxjgen  gas  prtsent  in  100  mcstaures  of  common 

(S)  T'^'^  generation  of  an  acid,  by  the  admixture  of 
nitrous  gas  with  common  air  or  oxygen  gas,  may  be 
tthown  by  the  following  experiment.  I'asti:  u  slip  of  lit- 
mus paper  within  a  glass  jar,  near  the  bottom  ;  and  intA 
the  jar,  filled  with  and  inverted  in  waitr,  pass  as  much 
nitrous  gas,  previously  well  washed,  as  will  displace  the 
water  below  the  level  of  the  paper.  The  cobur  of  the 
litmus  will  remain  unchanged  ;  but,  on  passing  up  aimo- 
sphtric  air  or  oxvgtn  gas,  it  will  be  immediately  redden- 
ed.    (N.  23.) 

(ft)  That  the  peculiar  acid,  thus  produced,  is  the  ni- 
trous, will  appear  from  the  following  experiment-  Into 
a  jar,  filled  with  and  inverted  in  mercury,  pass  a  smalt 
quantity  of  a  solution  of  pure  potash  ;  and,  afterward, 
measures  of  oxygen  and  nitrous  gases,  separately,  and  in 
proper  proportion.  On  removing  the  solution  from  the 
jar,  exposing  it  for  some  lime  to  the  atmosphere,  and 
afterward  evaporating  it,  crystals  of  nitrate  of  potash  will 
be  formed,  a  salt  which  is  ascerta'med  to  he  formed  of 
pofssh  and  nitrous  acid. 

(i)  Nitrous  gas  is  absorbed  by  nitric  acid,  which,  by 
this  Absorption,  is  considerabl)-  changed  in  its  properties. 
~-Pass  the  gas,  as  it  issues  from  the  materials  that  afford 
it,  through  colourless  nitric  acid.  The  acid  will  undergo 
successive  changes  of  colour,  till  at  last  it  will  become 
orange-coloured  and  fuming.  In  this  stale  it  is  called 
nitrous  acid,  because  it  contains  a  leas  proportion  of  oxy- 
gen  than  the  colourless  nitric  acid- 
According  to  l>r.  Priestley,  100  parts  of  nitric  acid,  of 
ihc  spccihc  gravity  of  14  to  10,  absorb,  in  two  days,  90 
parts  of  nitrous  gas.  When  about  seven  pans  of  gas  have 
been  absorbed,  the  acid  acquires  an  orange  colour  ;  when 
18  have  been  absorbed,  it  becomes  green  ;  and  the  whole 
quantity,  which  it  is  capable  of  condensing,  changes  it 
into  a  liquor,  which  emits  an  immense  quantity  of  red 
fumes.  The  gas,  thus  absorbed,  is  musUy  separated  ag^in 
on  dilution  with  water. 

(i)  The  niflsua  gas,  thus  absorbed,  is  expelled 
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'by  a  gi-ntle  heat.     This  may  be  shown  by   gcotly  healing 
WK  acid  coloured  in  Espt.   I^  till  it  agVin  liccomcs  limpii'. 
Jh  this  experiment  light  should  he  ixiliidetl. 
,-    (/)  Nitrous  guft  is   decomposed   by  exposure  to  bodii a 
I  chut  have  a  strong  aflioitv  for  oxy^D.    Thus,  iron  Rllng'i 

I  decompose  it,  and  become  oxydi zed,  affording  a  prool  ol 
HAc  presence  of  oxygen  in  this  gus. 

I I  During  this  process,  water,  ammonia,  and  nitrous  oxide 
[arc  generated.  Sulphurct  of  pota&h,  &c.  have  a  similar 
l.«fiect. 

)fm  .  (in)  Nitrous  gas  is  absorbed  by  the  green  sulphate  and 
ffturiaie  of  iron,*  which  do  not  absoHj  azotic  gas.  To 
lAscertaJn,  therefore,  how  much  azotic  gas  a  given  qiianti- 
ly  of  nitrous  gas  contains,  let  it  be  exposed  in  a  gradtiat- 
jcd  tube  over  one  of  these  solutions.  This  information  i^ 
■Kccasary,  previously  to  deducing,  from  its  effects  on  at- 
Biospheric  air,  the  proportion  of  oxygen  gas, 
.'  From  the  important  use  which  is  now  made  of  tlus  so- 
'  lution  of  nitrous  gas  in  eudiomctr)',  it  may  be  proper  to 
.  describe  the  mode  of  its  preparation. 

•  I.  Dissolve  as  much  of  the  green  sulpliate  of  iron  in  wa- 
)  ter  as  the  water  will  take  up,  or  dissolve  iron  tilings  in 
'  sulphuric  acid,  diluted  with  live  or  six  parts  of  water, 
leaving  an  excess  of  the  iron,  in  order  to  ensure  the  prr- 
(■rfecl  saturation  of  the  acid.  Fill  a  v.  idc>moudied  bottle 
l-iWith  this  soluuon,  invert  it  in  a  cupful  of  the  same, 
■nd  into  the  inverted  botdc  receive  the  nitrous  gas  from 
,«iitric  acid  and  quicksilver,  shaking  the  inverted  bgtlle 
^rcquendv.  The  colour  of  this  solution  will  change  to 
LUack,  and  the  production  of  gas  and  the  agitation  are 
I'jto  be  continued,  till  the  absorption  can  be  carried  no 
I'T&rther.  The  impregnated  solution  should  be  preserved 
I  ^  a  number  of  small  bottles,  not  holding  more  than  an 
ilbunce  each.  The  most  commodious  method  of  apply- 
'  jng  this  solution,  is  by  means  of  Dr.  Hope's  eudiometer, 
I  idready  decribed.  (Chap.  V.  Sec.  *.) 
I*  (n)  A  very  interesting  experiment,  affording  a  synthe. 
I  tic  proof  of  the  constitution  of  nitrous  gas,  we  owe  to 
;  "Dr.  Milner,  of  Cambridge  t.  I"  an  earthen  tube,  aboiii 
ISO  inches  long  and  3*4th  inch  wide,  open  at  both  ends, 

*  Fur  an  icanuit  of  thex  »]»,  m  liup.  tr'm.  MCt.  6. 
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put  as  miicli  coarseh-powdered  mangantse  as  is  suffic'tcnt 
oewly  to  fill  it.  Let  this  be  [)laccd,  horizontally,  in  a  fun 
nact,  having  two  openings  opposite  to  each  other,  (Fig- 
40.)  To  one  end  of  the  earthen  tube  ad^t  a  retort,  con- 
taining a  strong  solution  in  wuttr  of  pure  ammonia,  and  M 
the  other  a  bent  glass  tul>e,  whieh  may  terminate  in  t 
two-necked  empty  bottlt;.  To  the  ottierncck  of  the  bottl^ 
lute  a  glasa  tube,  bent  so  as  to  convey  any  gas  that  tnaf 
be  produced,  under  the  ghtlf  of  the  pneumatic  trough. 
Let  a  fire  lie  kindled  in  the  turoace  ;  and,  when  th«  man* 
ganese  may  be  supposed  to  be  red-hot,  drive  oicr  it  the 
VApour  of  the  ammonia.  The  nlkali  mil  be  decomposed  ; 
its  hydrogen,  uniting  with  part  of  ihe  osygen  which  il 
oombiued  with  the  manganese,  will  form  water ;  while  iu 
azote,  uniting  with  another  portion  of  the  oxygen,  will 
constitute  nitrous  gas.  Thegas,  thus  generated,  maybe 
collected  by  the  usual  apparaiuB.  i 

<fl)  Nitrous  gas  is  stated,  by  Mr.  Davy,  to  consist  of 
56  c»x>'gen  And  44  azote. 

(/))  Another  fact,  shewing  the  mutual  relation  of  avfif- 
monia  and  of  the  compounds  of  azote,  was  discovered 
some  years  ago  by  Mr.  Wm.  Iliggins.*  Moisten  sotnfc 
powdered  tin  (which  is  sold  under  this  name  by  thv  dnig^ 
gists)  with  strung  nitric  acid  ;  and,  when  the  red  fumee 
have  ceased  to  arise,  add  some  quick-lime  or  solution  of 
pure  potash.  A  strong  smell  of  ammonia  will  be  immedi- 
ttelj'  proiluced. 

In  this  experiment,  the  tin,  at  the  same  instant,  attracts 
the  OX}  gen  both  of  the  nitric  acid  and  of  the  water.  H>*- 
drogen  and  azote  are  ronsequenlly  set  at  liberty  ;  and,  b»> 
fore  they  have  assumed  the  g-.iairous  state,  these  two  basch 
combine,  and  constitute  ammonia.  The  ammonia,  thus 
gtrnerated,  unites  with  «  portion  of  undecomposed  nitric 
acid  )  and  is  discngtiged  from  this  combinntion  by  potash 
or  lime,  which  render  it  evident  to  the  smelt. 

and  Astiphloginn:  Th»-  M 
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SFXT.   III. 
GaieoUB  Oxide  if  Jzoie^-^Nitraus  Oxide  of  Davy. 

L  This  compound,  ako  consisting  of  oxygen  and  azote, 
but  in  (Uiferent  proportions  from  those  of  nitrous  gas,  may 
fie  obtaltied  by  several  processes. 

(a)  By  exposing  common  nitrous  gas  for  a  few  days  to 
iron  filings,  or  to  various  other  bodies  strongly  attracting 
oxygen,  this  gas  is  changed  into  the  nitrous  oxide* 

Some  nicety  and  experience  are  required  to  suspend 
the  decomposition  before  it  has  gone  too  fiur ;  in  which 
ease  azotic  gas  is  obtuned.  The  sulphite  of  potash,  be- 
ibg  incapable  of  decomposing  mtrous  osde,  is  best  adapt- 
ed to  the  conversion  of  nitrous  gas  into  that  elastic  fluid. 
The  process,  in  all  cases,  may  be  suspended,  when  about 
two-thirds  the  original  bulk  of  the  gas  are  left. 

(6)  By  dissolving  zinc,  or  tin,  in  nitric  acid,  diluted 
wm  five  or  six  times  its  weight  of  water.  Zinc,  during 
this  solutioo,  disengages  nitrous  oxide  till  the  acid  begins  to 
exhibit  a  brownish  colour,  when  the  process  must  be  sus- 
pended, as  nitrous  gas  is  then  formed.  But  by  neither  of 
these  processes  is  the  gas  obtuned  sufficiently  pure  for  ex* 
hibiting  its  qualities.  To  procure  it  in  a  state  of  purity, 
the  following  process  is  the  best  adapted. 

(c)  To  nitric  acid,  diluted  with  five  or  six  parts  of  wa- 
ter, add  carbonate  of  ammonia,  till  the  acid  is  saturated. 
Tfaien  evaporate  the  solution ;  and,  to  supply  the  waste  of 
attali,  add,  occasionally,  a  little  more  of  the  carbonate. 
Let  the  sokition  be  evaporated  by  a  very  gentle  heat.  The 
salt  obtained,  when  the  solution  has  cooled,  is  next  to  be 
put  into  a  glass  retort,  and  distilled  with  a  sand  heat,  not 
exceeding  440  Fahrenheit  I'he  heat  of  an  Argand's  lamp 
is  more  than  sufficient,  and  requires  cautious  regulation. 
The  salt  ¥rill  presently  liquefy,  and  must  be  kept  gently 
simmering,  avoiding  violent  ebullition.  The  gas  may  be 
collected  over  water,  and  allowed  to  stand  a  few  hours 
(Nto  M.)  before  it  is  used,  during  which  time  it  will  depo- 
sit a  white  doud,  and  iv'IU  become  perfectly  transparent. 

A  gazometer  is  best  adapted  for  its  reception ;  because 
all  danger  is  then  avoided  of  an  absorption  of  the  wate- 
of  the  trough  into  the  retort  ;  and  because  the  gas 


brought  into  contact  with  a  much  smaller  surface  of  \ 
Ur,    which  has  the  praperty  of  absorbing  a  considcrnl^ 
proportion  of  the  gas.     On   this   account,  wattr,  whichrJ 
lias  been  once  used  to  confine  the  ^s,  may  be  Itept  for  the  J^ 
same  puri>ose. 

The  changes  that  take  place,  during  the  converaioD  cfn 
nitrate  of  ammonia  into  nitrous  oxidt^,  are  the  followingtf^ 
Nitric  acid  is  composed  of  oxyg<:n  and  nitrous  gas  ; 
monia,  of  hydrogen  and  azote.  In  a  high  lempcratui 
the  nitrous  gas  combines  with  an  additioriid  dose  of  azol 
and  forms  nitious  oxide  ;  while  the  ox)gen  of  the  ( 
composed  nitric  acid  unites  with  the  hydrogen  of 
ammonia,  and  forms  water. 

The  gas,  thus  obtained,  was  termed,  by  the  Society  ^ 
Dutch  chemists,  gaseous  oxtdc  of  azote,  bui,  for  the  s  ' 
of  brevit)',  and  as  more  conformable  to  the  nomcnclai 
of  other  compounds  of  azote,  t  shall  use,  with  Mr.  Dafl 
the  name  of  nitrous  oxide.* 

In  order  to  ascertain  whether  nitrous  oxide  be  adullen 
cd  with  either  common  air  or  oxjgen  gas,  we  may  i 
equal  measures  of  the  gas  under  examination,  and  of  | 
trous  gas.  ir  any  diminution  ensue,  the  presence  of  C 
of  these  may  be  suspected;  and  the  amount  wiU  s* 
which  of  them  is  contained  in  it.  Nitrous  eas,  howevqi 
is  a  much  more  common  contamination ;  lor  it 
rated,  along  with  nitrous  oxide,  whenever  the  temperature  J 
of  the  salt  Is  raised  too  high.  Its  presence  may  Ik  dc- 
tectcd,  either  by  a  diminution  on  the  admixture  of  oxygen 
gas ;  or  by  an  absorption  being  effected,  on  agitating  the 
gas  with  a  solution  of  green  sulphate  of  iron,  which  h^i  | 
no  action  on  pure  nitrous  oxide.  (See  also  p.  159,^)     «H 

II.  This  gas  has  the  following  properUes  :  'I'M 

(fi)  A  candle  burns  in  it  with  a  brilliant  flame  and  cradkn 
ling  noise.     Before  its  extinction,  the  white  inner  flame 
-becomes  surrounded  with  an  exterior  blue  one. 

(A)  Phosphorus,  introduced  into  it  in  a  stale  of  inflam- 
mation, bums  with  increased  splendour. 

Phosphorus,  however,  may  l>e  melted,  and  sublimed  in 
tWs  gas,  without  alteration.  It  may  even  be  touched 
ivith  a  red-hot  iron  wire,  widiout   being  inflamed  ; 
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when  a  wire,  intnueljr  heated,  or  made  white-hot^  is  ap> 
(Ued,  the  [^mphonis  burns,  or  rather  deumateB,  with 
prodigious  violence. 

S)  SulfAiir,  introduced  into  it  when  burning  with  a 
le  blue  flame,  is  instandy  extinguiBhed  ;  but  when 
in  a  state  of  active  inflammauon,  it  bums  with  avivid  and 
beautiful  rose-coloured  flame. 

(d)  Red-hot  charcoal  buraa  in  it  more  brilliantly  than 
ia  the  atmosphere. 

(e)  Iron  wire  bums  in  this  gas  with  much  the  same  ap- 
pearance as  in  oxygen  gas,  but  for  a  shorter  period. 

(J")  Nitrous  oxide  is  rapidly  absorbed  by  water  that 
has  been  previously  boiled,  t^ut  l-30th  the  original 
bulk  of  the  gas  remaining  uncoodcTised.  A  quantity  of 
gas,  equal  to  considerably  more  than  half  the  bulk  of 
the  water,  may  be  thus  made  to  disappear.  This  proper- 
w  furnishes  a  good  test  of  the  purity  of  nitrous  oxide  ; 
for  the  pure  gas  is  almost  entirely  absorbed  by  boiled  wa- 
ter, which  has  cooled  without  the  access  of  air.  The 
water  employed  should  exceed  the  gas  three  w  four  times 
in  bulk. 

(g)  Water,  that  has  been  saturated  with  this  gas,  givea 
it  out  anin,  unchanged,  when  heated. 

(A)  The  impregnated  water  does  not  chuige  blue  ve- 
getaUe  colours. 

(i)  It  has  a  disdncdy  sweet  taste,  and  a  faint,  but 
agreeable  odour. 

(i)  It  is  not  diminished  by  admixture  with  either  oxy- 


(/)  A  mixture  of  this  gas  with  hydrogen  gas  detonates 
loudly,  on  applying  a  lighted  taper,  or  passing  an  electric 
spark. 

When  the  -proponion  of  hydrogen  Is  nearly  equal  to 
ihatof  nitrous  oxide,  or  as  39  to  40,  azotic  gas  only  re- 
mains  after  the  explosion ;  but  when  the  proportion  of 
hydrogen  is  s.-ialter,  nitric  acid  is  also  generated. 

(n)  Nitrous  oxide  is  not  absorbed  W  alkalis  ;  but  if  it 
be  brought  into  contact  with  them,  when  in  a  nascent 
state,  or  before  it  has  assumed  the  condition  of  a  ^s,  it 
then  enten  into  combination  with  alkaline  bases.  Thus, 
when  a  mixture  of  sulphite  of  potash  and  pure  potash  is 
exposed  to  nitrous  gas,  the  latter  is  diboiygenizod  b 
sulphite,  and   changed  into  niiroius  oxide,  which 
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with  tlie  alk^.  We  obtain,  therefore,  a  rtiixturc  of  Sul- 
phate of  potash  widi  a  corapound  of  nitrous  oxide  and 
alkali,  the  former  of  which  may  be  separated  b)'  pnori^ 
of  crystallizatioa.  The  latter  is  composed  of  about  three 
parts  of  allcali,  and  one  of  nitrous  oxide.  It  is  soluble  m 
water  i  has  a  caustic  taste,  of  peculiar  pungency  ;  and 
converts  vegetable  blues  to  green.  Powdered  charcoal, 
mingled  with  it,  and  inilamed,  bums  with  bright  scintil- 
lations. The  nitrous  oxide  is  expelled  from  hxed  alkalis 
by  all  acids,  even  by  the  carbonic. 

(n)  Animals,   when  wholly  con&ned  in   this  gas,  die 
!>pecdily. 

(jj)  One  of  the   most  extraordinary  properties  of  tins 
gaa  is  exhibited  by  its  action  on  the  human  body,  when 
received  into  the  lungs.     When  thus  emplcned,  it  dOM 
not  prove  fatal,  because,  when  received  into  the  hinga^  J(t| 
is  mixed  and  diluted  with  the  atmospherical  air  prcsoit] 
in  that  organ.     To   administer  the  gas,  it  may  be  intro-  ■ 
duccd  into  an  oiled  silk  bag  or  clean  bladder,  furnished 
with  a  stop-cock,  and  may  be  breathed  repeated^'  Irom 
the  bag  and  back  again,  as  long  as  it  will  last.     The  Bcn- 
sadons  that  are  produced  vary  greatly  in  persona  of  dif-    . 
ferent  constitutions  ;  but,  in  general,  they  are  highly  fktt^m 
sur;^^  and  resemble  those  attendant  on  the  pkasant  pe-« 
riod  of  intoxication.     Great  exhilaration,  an  irreaietible  ~ 
propensity  to  laughter,  a  rapid  Bow  of  vivid  ideas,  and 
an  unusual  fitness  for  muscular  exertion,  ate  the  ordimtrj' 
feelings  it  produces.     These  pleasant  sensations,  it  must 
be   added,  are  not  succeeded,    like   those  accompanying    i 
the  grosser  elevation  from  fermented  liquors,  by  any  sufc-J 
sequent  depression  of  nervous  energy 

(p)  From  the  experiments  of  Mr.  Davy,  it  appears  that  J 
100  parts,  by  weight,  of  this  gaa,  contain  36.7  oxygen,  I 
and  o3.3  azote,  or,  exclui^ng  decimals,  37  ox^-gtn  i 
36  azote. 
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SECT.  IV. 


NitrateM. 
Art.  I. — Nitrate  of  Potoih. 


f^ 


I.  A  direct  synthetic  proof  of  the  composition  of  diis 
salt  may  be  obtained  by  saturating  nitric  acid  with  pot» 
ash,  either  pure  or  in  a  carbonated  state.  The  solution, 
on  evaporation,  yields  crystals  of  nitrate  of  potash,  or 
dttre. 

For  the  purposes  of  experiment,  however,  the  nitrate 
of  potash,  which  may  be  met  with  in  the  shops,  and 
wUch  is  an  abundant  product  of  nature,  may  be  employed 
CD  account  of  its  greater  cheapness. 

II.  This  salt  has  the  following  properties  : 

(a)  It  crystallizes  in  prismatic  octahedrons,  generally 
coostituting  -six-sided  prisms,  terminated  by  two-sided 
summits. 

(^)  For  solution,  it  requires  seven  times  its  weight  of 
water  at  60*  of  Fahrenheit ;  and  boiling  water  takes  up  its 
own  weight. 

•  These  are  the  proportions  assigned  by  Bergman  ;  but 
La  Grange  asserts,  that  of  water,  at  the  ordinary  tem- 
perature, nitrate  of  potash  requires  only  three  or  four 
times  its  weight  for  solution ;  and  half  its  weight  of  boil- 
ing water.     {Momuel^  I,  243.) 

(c)  By  die  application  of  a  moderate  heat  it  fuses,  and 
being  cast  in  moulds,  forms  what  is  called  Sal  Prunelle. 

{d)  If  a  red  heat  be  applied,  nitrate  of  potash  is  de- 
composed in  consequence  of  the  destruction  of  its  acid. 
By  distilling  it  in  an  earthen  retort,  or  in  a  gun-barrel, 
oxygen  gas  mav  be  obtained  in  great  abundance,  one 
poimdof  nitre  yielding  about  12,000  cubic  inches,  of  suf- 
ficient purity  for  common  experiments,  but  not  for  pur- 
poses of  accuracy. 

(r)  Nitrate  of  potash,  that  has  been  made  red-hot, 
seems  to  contain  an  acid  less  highly  oxygenated  than  the 
common  nitric  acid,  and  having  a  weaker  affinity  for  al- 
kalis. For  if  acetic  acid  be  poured  on  nitre  that  has 
been   thus  treated,  the  nitrous  acid  is  expelled  in 
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fumes,  whereus  common  nitre  is  not  at  all   affected  by 
acetic  acid. 

f_/')Nilrate  of  potash  is  rapidly  decomposed  by  > 
coal.     This  may  be  shown,  by  mixing  two  parts  of  povfl 
dered  nitre  widi  one  of  powdered  charcoal,  and  ! 
fire  to  the  mixture  in  an  iron  vessel  under  a  chimncy.- 
The  products  of  this  combustion,  which  may  be  coUee 
cd  by  a  proper  apparatus,  are  carbonic  acid  and  az( 
gaaes.     Part  of  the  carbonic  acid  also  remains  attache^ 
to  the  residuary  alkali,  and  may  be  obtained  from  it  t\ 
adding  a  stronger  acid. 

This  residue  was  termed,  by  the  old  chemists  dysawi™ 
of  nitre. 

(^)  Nitrate  of  potash  is  also  decomposed  by  sulphur. 
Mix  powdered  nitre  and  sulphur,  and  throw  the  mixture, 
by  a  litde  at  a  time,  into  a  red-hot  crucible.  The  sul- 
phur will  unite  with  the  oxygen  of  the  nitric  acid,  and 
form  sulphuric  acid ;  which  combining  with  the  potash, 
will  afford  sulphate  of  potash.  The  production  of  the 
latter  salt  will  be  proved  by  dissolving  the  mass  remsuo^iH 
ing  in  the  crucible  and  crystalhzing  it,  when  a  salt  wJtt  fl 
be  obtained  exhibiting  the  characters  described,  Ch.  s< 
Sec  iv. 

2.  Mix  a  portion  of  sulphur  with  1.6th  or  l-8th  its 
weight  of  nitrate  of  potash  ;  (N.  25.)  put  the  mixture  into 
a  tin  cup,  and  raise  it,  by  a  proper  stand',  (Rg.  25)  a  few 
inches  above  the  surface  of  water,  contained  in  a  flat  shal- 
low dish.  Set  (tre  to  the  mixture,  and  cover  it  with  a 
bell-shaped  receiver.  In  this  case,  also,  sulphuric  acid 
will  be  formed;  but  it  will  not  combine,  as  before,  with 
the  alkali  of  the  nitre,  which  alkali  is  present  in  suffi- 
cient quantity  to  absorb  only  a  part  of  the  acid  produ- 
ced. The  greater  part  of  the  acid  will  be  condensed  on 
the  inner  surface  of  the  g^ass  bell,  and  by  the  water, 
which  will  thus  become  intensely  acid.  The  operation 
may  be  repeated  three  or  four  times,  using  the  same  por- 
tion of  water.  When  the  water  is  partly  expelled,  by 
evaporation  in  a  glass  dish,  concentrated  sulphuric  acid 
remains,  which  has  been  formed  by  the  union  of  the  ox- 
ygen of  the  nitre,  and  that  of  the  atmospherical  air,  with 
,|he  sulphur  submitted  to  experiment.  By  a  process  of 
ihis  kind,  but  on  a  large  scale,  and  in  extensive  leaden 
chambers,  the  sulphuric  acid  of  commerce  ia  prepared.-^ 
The  dilute  acid,  resulting  from  the  union  of  the  condeos^g 
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^vapour  of  the  burning  materials,  with  the  stratum  of 
water  at  the  bottom  of  the  chamber,  is  first  boiled  down  in 
part  in  shaUdw  leaden  vessels,  and  is  then  transferred  into 
{^ass  retorts,  where  it  is  further  concentrated  by  the  con- 
tinued appUcation  of  heat. 

(h)  A  mixture  of  three  parts  of  powdered  nitre,  two  of 

cainontite  of  potash,  or  common  sak  of  tartar,  and  one 

piart  of  su^hur,  all  accurately  mixed  together,  forms  the 

Jubmnatmg  powder^  which  explodes  with  a  loud  noise, 

when  laid  on  an  iron  heated  below  redness. 

^r)  A  mixture  of  five  piurts  of  powdered  nitre,  one  part 
of  sulphur,  and  one  of  powdered  charcoal,  composes 
gunpowderm  The  materials  must  aU  be  very  finely  pow- 
dered separately,  dien  mixed  up  together,  and  beaten 
yrith  a  wooden  pestle,  a  sufficient  quantity  of  water  being 
added  to  prevent  an  explosion.  Ine  mixture  must  after- 
ward be  granulated,  by  passing  through  sieves,  and 
dried. 

(k)  Nitrate  of  potash  is  decomposed  by  sulphuric  acid, 
which  combines  with  the  potash,  and  expels  the  nitric 
add.  Put  into  a  glass  retort,  which  may  be  eidier  tubu- 
lated or  not,  four  parts  of  nitrate  of  potash,  reduced  to 
a  coarse  powder,  and  pour  upon  it  three  parts  of  concen- 
trated sulphuric  acid.  Apply  a  tubulated  receiver,  of 
hrge  caoacity,  between  which,  and  the  retort,  an  adopt- 
er may  be  interposed ;  these  junctures  being  luted  with 
a  nuxture  xyf  pipe-clay,  sifted  sand,  and  cut  tow  or  flax. 
-—To  die  tubulure  of  the  receiver,  a  glass  tube  may  be 
.fixed  hv  means  of  the  fat  lute,  and  may  terminate  in  an- 
other bi:ge  receiver,  containing  a  small  quantity  of  wa- 
ter. If  the  operator  wishes  to  collect  the  gaseous  pro- 
ducts also,  this  second  receiver  should  be  provided  with 
a  tubulure,  to  which  a  bent  pipe  may  be  luted,  terminat- 
ing under  one  of  the  inverted  funnels  in  the  shelf  of  the 
pneumatic  trough.  Apply  heat  to  the  retort,  through 
the  intervention  of  a  sand  bath.  The  first  product  that 
passes  into  the  receiver,  is  generally  of  a  red  colour,  and 
of  a  smoking  quality.  These  appearances  lessen  more 
and  more  ;  and  if  the  materials  used  were  clean,  the  acid 
will  come  over  pale,  and  even  colourless.  Afterwards  it 
gradually  re-assumes  a  red  colour,  and  smoking  proper- 
ty ;  which  appearances  go  on  increasing  till  the  end  of 
Uie  operation  ;  and  die  whole  produa,  mingled  together, 
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has  either  a  yellow  or  an  oratige  colour,  acrording  to 
tcmpcraiuri-  employed. 

In  the  large  way,  and  for  purposes  of  the  arts,  Ii 
usuaI  to  substitute  earthen  or  cast-iron  retorts,  made 
trcnfiely  thick,  for  those  of  glass.  An  carthtn  head  is 
adapted,  and  this  is  connected  with  a  mnge  of  proper 
condeusors.  The  strength  of  the  acid  is  varied  also,  by 
putting  more  or  less  water  in  the  receiver. 

Nitric  acid,  obtained  by  this  process,  is  never  perfect- 
ly pure.  It  contains,  generally,  both  sulphuric  and  mu- 
riadc  acids  j  the  former  of  which  is  indicated  by  a  while 
precipitate,  on  adding  a  eolution  of  nitrate  of  baryttsj 
and  the  latter,  by  a  milkineas  produced  by  nitrate  of  sil- 
ver. The  sulphuric  acid  may  be  separated,  either  by  a 
second  distillation  from,  a  portion  of  very  pure  nitre, 
equal  in  weight  to  l-8th  of  that  originally  employed,  or 
by  adding  nitrate  of  barytes  ;  allowing  the  precipitate  lo 
setde  ;  decanting  the  clear  liquid,  and  distilling  it.  Mu- 
riatic acid  is  separatL-d  by  the  addition  of  nitrate  of  sil- 
ver. An  immediate  milkiness  ensues,  and  fresh  additions 
must  be  made  of  nitrate  of  silver,  as  long  as  it  occasions 
this  appearance.  Then  allow  the  precipitate  to  subside; 
decant  the  clear  liquid,  and  re-distil  it  ;  leaving  I-8th  or 
l-lOth  in  the  retort.  The  product  will  be  pure  nitric 
acid<  Nitrate  of  lead  may  be  substituted  for  nitrate  of 
silver.     (Sen  Nich.  journ.  XI.  13+.) 

The  nitric  add  may  also  be  obtained  free  from  muriatic 
acid,  if  a  perfectly  pure  nitrate  of  potash  be  employed 
for  distillation.  This  purification  is,  in  a  great  measure, 
cfit:cted,  by  repeated  solution  of  the  nitre,  in  boiling  difr- 
lilled  water,  and  crystallization.  Finally,  redissolve  the 
crystals  in  warm  distilled  water,  and  add  nitrate  of  silver 
as  long  as  any  precipitate  appears.  Allow  this  to  settle, 
or  separate  it  by  filtration.  The  next  product  of  crystals 
will  be  perfectly  pure.  The  precipitated  silver  must  not 
be  thrown  away,  Iiut  muse  be  washed  with  distilled  water, 
dried,  and  preserved  for  the  recovery  of  the  silver,  by 
process  to  be  hereafter  described. 

Nitric  acid  obtained  in  this  manner  is  deficient  also 
another  resjKct ;  for  it  is  not  perfectly  oxjgenated, 
holds  in  solution  a  considerable  quantity  of  nitrous  gas, 
and  hence  is  in  the  state  rather  of  nitrous  than  nitric 
acid.     To  convert  the  former  into  the  latter,  put  the  acitl. 


^J^ 
l^^^ 
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into  a  retort,  to  which  a  receiver  is  applied,  the  two  ves* 
sels  not  being  luted,  but  joined  merely  by  paper.  Apply 
a  very  gentle  heat  for  several  hours  to  the  retort,  chang- 
ing me  receiver  as  soon  as  it  becomes  filled  with  red 
vapours*  The  nitrous  gas  will  thus  be  expelled,  and  the 
acid  will  remain  in  the  retort  in  a  state  of  purity,  and  as 
limpid  and  colourless  as  water.  It  must  be  kept  in  a  bot- 
tle secluded  from  the  light. 

One  hundred  parts  of  nitrate  of  potash,  according  to 
La  Grange,  )aeld  by  this  process  43  of  acid,  or,  accord- 
ing  to  my  experience,  above  50.  This,  however,  is  not 
Ifae  whole  of  what  was  contained  in  the  salt :  for  a  part 
is  decomposed  by  the  temperature  necessary  to  the  opera- 
tion. Accordingly,  a  large  quantity  of  oxygen  gas  is 
disengaged  during  the  distillation,  and  may  be  coUected 
by  an  obvious  addition  to  the  apparatus. 

In  the  retort,  diere  remains  a  compound  of  potash  vnth 
more  sulphuric  acid  than  is  essential  to  its  saturation,  or 
a  super-sulphate  of  potash.  On  submitting  this  to  a 
preVy  strong  heat,  the  excess  of  sulphuric  acid  is  ei^l- 
led ;  and  the  residue,  dissolved  and  evaporated,  aflfcnrds 
crystallized  sulphate  of  potash. 


Art.  II. — Nitrate  of  Soda.  A- 


I*  This  salt  may  be  formed,  by  saturating  carbonate  of 
soda  with  nitric  acid  ;  or  by  distiDing  common  salt  with 
three«fourths  its  weight  of  nitric  acid.  When  the  former 
process  is  adopted,  the  solution  must  be  evaporated,  till 
a  pellicle  appears  on  its  surface,  and  then  allowed  to  cool. 
Crystals  will  be  forming,  having  the  shape  of  rhomboids, 
or  rhomboidal  prisms. 

II.  These  crystals  have  a  taste  like  that  of  saltpetre, 
but  more  intense.  They  are  soluble  in  three  parts  of  wa- 
ter at  60^,  and  in  less  than  an  equal  weight  of  boiling  wa- 
ter. They  attract  moisture  from  the  atmosphere.  In 
other  respects,  in  the  means  by  which  their  decomposi- 
tion is  efiected  and  its  results,  they  agree  with  the  nitrate 
of  potash. 


Art.  III.^ — Nitrate  of  Ammonia. 

The  moat  simple  mcx^e  of  preparing  this  salt  is  li^ 
adding  carbonate  of  ammonia  to  dilute  nitric  acid,  till 
saturation  has  taken  place.  If  the  liquor  be  evaporated, 
by  a  heat  between  70"  and  100',  lo  a  certain  extent,  it 
shoots,  on  cooling,  into  crystals,  having  the  shape  of  six- 
sided  prisms,  terminated  by  long  six-sided  pyramids. 
Evaporiitcd  at  the  temperature  of  212*,  it  yields,  on  cool- 
ing, thin  fibrous  crjstals;  and  when  the  evaporation  is 
earned  so  far,  that  the  salt  immediately  concretes 
glass  rod  by  cooling,  it  then  forms  a  compact  and  shi 
less  mass. 

II.  The  solubility  of  this  salt  varies,  according  to  the 
temperature  in  which  it  has  been  formed.  It  requires 
twice  its  weight  of  water,  when  in  crystals,  for  solution, 
or  half  its  weight  of  boiling  water.  It  deltquiales,  in  all 
its  forms,  when  exposed  to  ihe  atmosphere. 

III.  The  most  important  property  of  this  salt  is  that 
already  described,  viz.  of  yielding,  when  decomposed  by 
heat,  the  nitrous  oxide.  One  pound  of  the  compact  kind 
^ives,  by  careful  decomposition,  nearly  five  cubic  feet  of 
gas,  or  rather  more  than  34  doses  ;  so  that  the  expci 
esimating  the  salt  at  5s.  lOd.  the  pound,  is  about 
for  each  dose. 

IV.  In  a  temperature  of  600  this  salt  explodes,  and  b 
entirely  decomposed.     Hence  it  was  formerly  called  ni' 

V.  Its  composition  varies  according  to  the  mode  of  itq 
preparation,  and  is  stated  by  Mr.  Davy  as  follows; 


:t  of  ^ 

2?^ 


Priimacic. 
69.5 

13.1 


Art.  IV. — Nitrate  of  Sarytes, 
I.  Nitrate  of  bstytes  may  be  prepared,  by  c 
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either  the  artifiGial  or  nadve  carbonate  in  nitric  acid,  di» 
luted  with  8  or  10  parts  of  water.  If  the  artificial  csdlx>» 
nate  be  employed,  it  should  be  previously  well  washed 
with  distilled  water,  till  the  washings  cease  to  precipitate 
lutrateof  silver.  A  soluuon  of  nitrate  of  barytes,  mixed 
with  one  of  silver,  should  continue  perfecdy  transparent.. 
On  ev8q>oration,  it  yields  regular  octohedrons,  often  adi 
hering  to  each  other  in  the  form  of  stars  ;  and  sometimes 
it  is  ^tttned  in  small  brilliant  plates.  It  requires  for  solu* 
tion  12  times  its  weight  of  water  at  60^,  and  three  or  four 
part^  of  boiling  water.  It  is  not  altered  by  exposure  to  the 
ur.  In  a  red  heat,  its  acid  is  decomposed,  and  the  earth 
remains  pure.  This  furmshes  another  method  of  procur- 
ing pure  barytes  ;  but  the  heat  must  not  be  carried  too  far^ 
otherwise  it  is  apt  to  vitrify  with  the  crucible.  The  resi* 
due,  on  the  addition  of  water,  dissolves  with  great  heat 
and  noise,  and  the  solution,  on  cooling,  yields  crystals  of 
pure  barytes. 


Art.  \. '•^Nitrate  of  Strontttes. 

Tins  salt  may  be  obtuned  in  the  same  manner  as  the 
nitrate  of  baiytes,  with  which  it  agrees  in  most  proper* 
lies*  The  solubiUty  of  its  crystals,  however,  differs  con* 
sideraUy  ;  for  they  are  dbsoived  by  their  own  weight  of 
water  at  60%  or  by  littie  more  than  half  their  weight  of 
boiling  water.  When  applied  to  the  wick  of  a  can&,  or 
added  to  boiling  alcohol,  they  communicate  to  the  flame 
a  deep  blood-red  colour.  They  are  decomposed  by  a  high 
temperature,  and  afibrd  purestrontitic  earth. 


Art.  yi.-'^NUraie  of  Lime. 

This  salt  is  found  abundandy  in  the  cement  of  old 
buildings,  which  have  been  long  inhabited  by  man,  or 
other  animals.  To  prepare  it  artificially,  nitric  acid,  dj<» 
luted  with  five  or  six  parts  of  water,  may  be  saturated 
with  carbonate  of  lime.  When  this  solution  is  boiled 
down  to  the  consistence  of  syrup,  and  exposed  in  a  cool 
place,  long  prismatic  crjstals  are  formed,  resembling,  in 
l^ir  disposition,  bundles  of  .needles  diverging;  from  a 
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commou  centre.  These  crystals  are  readily  soluble  in 
water,  of  which,  at  60°,  they  require  two  parts,  and  boil- 
iDg  water  dissolves  an  equul  weight.  They  deliquiate 
speedily,  when  exposed  to  the  ^rj  and  are  decomposed  at 
the  temperature  of  ignition. 

When  a  solution  of  nitrate  of  lime  is  evaporated  to 
dryness  in  an  earthen  vessel,  then  fused  for  five  or  ten  mi- 
nutes in  a  crucible,  and  poured,  while  in  fusion,  into  an 
iron  pot  previously  heated,  the  congealed  mass  forms 
Bald-win's  phosphorus.  It  must  be  broken  into  pieces, 
and  preserved  in  a  well-stopped  vial.  Thest  pieces,  af- 
ter having  been  exposed  to  the  sun  for  a  few  hours,  eiQil 
in  the  dark  a  beautiful  white  light,  aSbrding  one  variety  q 
solar  phosphorus. 


Art.  VII. — Nitrate  of  Migwsia. 

This  compound  may  be  prepared,  by  dissolving  cartx^^ 
uate  of  magnesia  in  diluted  nitric  acid.  The  solution,  | 
when  evaporated,  yields  crystals  in  the  shape  of  prisma^ 
with  four  oblique  faces  truncated  at  their  summits.  Mott  j 
commonly,  however,  it  forms  a  shapeless  ma^s^'consistiii^fl 
of  an  immense  number  of  small  needle-shaped  crysiali^I 
crossing  each  other  irregularly.  These  crystals  deliquiawl 
in  the  air,  and  are  soluble  in  half  their  weight  of  water*  -^ 
When  exposed  to  the  heat  of  ignition,  they  fuse  ;  a  few-  ] 
bubbles  of  oxygen  gas  first  escape ;  and  the  nitric  acta  j 
then  passes  undecomposed. 


Art.  VIll. — Nitrate  of  Alumine. 

This  salt  is  but  litde  known.  It  may  be  formed  by  the 
solution  of  fresh  precipitated  alumine,  which  has  been 
well-washed  with  distilled  water,  but  not  dried,  in  diluted 
nitric  acid,  with  the  assistance  of  heat.  The  solutJOBt 
which  has  always  an  excess  of  acid,  after  evaporation,  , 
crystallizes  in  thin  ductile  plates.  The  cnstals 
tremely  soluble  ;  and,  on  the  applicaiion  of  a  high  teiB-  I 
perature,  abandon  their  acid.  They  are  decomposed  by  1 
most  alkalies  and  eiirths.  Pure  potash,  added  in  cxceat,.J 
re^disacrfves  ^e  precipitate. 
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Art.  IX.'^Nitrate  of  Ghicine. 

The  nitrate  of  glucine  is  a  sweet-tasted  salt,  which  can- 
not be  brought  to  crystallize.  When  evaporated  to  dry- 
ness, it  rapidly  absorbs  moisture  from  the  atmosphere.  It 
is  soluble  in  idcohol.  A  high  temperature  decomposes  it, 
without  effecting  its  previous  fusion. 


Art.  X. — Nitrate  of  Zircon. 

The  nitric  acid  dissolves,  but  cannot  be  saturated  with, 
fresh  precipitated  zircon.  The  solution  has  always  an 
excess  of  acid.  When  evaporated,  it  forms  a  yellowish 
transparent  mass,  extremely  tenacious  and  viscid,  and 
difficuldy  dried.  It  has  a  styptic  astringent  taste,  and 
leaves  on  the  tongue  a  thick  substance,  in  consequence  of 
its  partial  decomposition  by  the  saliva.  This  dry  nitrate 
is  extremely  soluble.  The  solution  is  decomposed  bv 
sidphuric  acid,  and  by  carbonate  of  ammonia,  whicn 
dirow  down  a  precipitate  soluble  in  an  excess  of  the  acid, 
or  of  the  carbonate.  Tincture  of  gaUs  forms  a  white  pre- 
cipitate, which  is  soluble  in  an  excess  of  the  dncture. 


Art.  \l,^^Nitrate  of  Tttria. 

May  be  prepared  by  dissolving  yttria  in  nitric  acid. 
The  solution  has  a  sweetish  astringent  taste;  and,  in 
most  properties,  resembles  nitrate  of  glucine.  It  can 
scarcely  be  obtained  in  crystals ;  and  if  too  great  a  heat  be 
applied  during  evaporation,  the  salt  becomes  soft,  assumes 
tne  appearance  of  honey,  and  concretes,  on  cooling,  into  a 
hard  stony  mass.  Exposed  to  the  air,  it  attracts  moisture, 
and  is  resolved  into  a  liquid. 


Nitrites. 

The  direct  combination  of  nitrous  acid  with  alkalie 
und  earths  cannot  he    tffectcd :  For  this  add,  consistin^ 
of  nitric  acid  with  a  redundancy  of  nitrous  gas,  ia  decom-'* 
posed    during  all    these    conibinations,    the   nitrous    gns 
escapes,  and  the  result  is  a  compound  of  nitric  acid  with 
ihc  base  employed.     The  only  mode  of  obtaining  nitriies, 
is  to  deprive  the  acid,  contained  in  the  nitrates,  of  part    , 
of  its  oxygen,  by  exposure  for  a  short  lime  to  the  tenw'J 
perature  of  ignition.     This  method,  it  must  be  obvious,  1 
cannot  be  used  with  those  nitrates  that  abandon  their  acM 
on   the    application    of  heat,    or    which,  like  nitrate  of 
ammonia,  are  more  completely  decomposed. 

Nitrate  of  potash,  after  fusion  in  a  crucible,  becomes  a 
nitrite  of  that  alkali.  It  has  a  smell,  when  powdered,  of 
nitroas  gas.  When  diluted  nitric  acid,  or  even  acetic 
acid,  is  poured  upon  it,  vapours  of  nitrous  acid  are  dis- 
engaged ;  and  hence  it  appears,  that  the  affinity  of  this 
acid  for  its  base  is  weakened  by  dis-oxyge nation  ;  for  no 
such  effect  arises  on  adding  these  acids  to  the  nitrate- 
The  solution  of  the  salt  in  water  changes  the  syrup  of 
violets  to  green.     Its  other  properties  are  little  known. 


SECT.  I. 

Muriatic  Acid. 

I.  The  muriatic  acid,  in  its  purest  form,  exists  ii 
swie  of  a  gas,  permanent  over  mercury  only.     For  eil 
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biting  its  properties,  thereibre,  a  mercurial  apparatus  is 
absolutely  necessary.  (N.  26.) 

To  obtain  muriatic  acid  gas,  let  the  tubulated  gas  bottle 
^Plate  11.  fig.  17.)  be  about  one-fourth,  or  one-diird,  fill- 
ed with  muriate  of  soda,  (common  salt)  which  has  been 
dried,  on  an  earthen  dish  or  plate,  in  an  oven.  To  this 
adapt  the  acid-holder,  filled  with  concentrated  sulphuric 
acid;  and  let  the  aperture  of  the  bent  pipe  terminate  un- 
der a  jar  filled  with  and  inverted  in  quicksilver.  Open 
the  communicadon  between  the  acid  and  the  salt,  by 
turning  the  cock  ;  and  immediately  on  the  contact  of 
these  two  bodUes,  an  immense  quantity  of  muriatic  acid 
gas  will  be  disengaged.  The  first  portions,  that  come 
over,  may  be  allowed  to  escape,  by  holding  the  gas  bot- 
tle under  a  chimney  ;  because  they  are  contaminated  by 
the  admixture  of  the  common  air  present  in  the  botde. 
The  subsequent  pordons  may  be  preserved  lor  use  ;  and 
the  pure  gas  will  exhibit  the  following  qualities. 

(a.)  It  has  a  very  pungent  smell;  and  is  sufficiendy 
caustic  to  blister  the  skin,  when  applied  to  it  for  some 
time. 

(6.)  When  brought  into  contact  with  common  air,  it 
occasions  a  white  cloud.  This  is  owing  to  its  union  with 
the  moisture  always  present  in  the  atmosphere. 

(c.)  It  extinguishes  a  lighted  candle.  Before  the  flame 
goes  out,  the  upper  part  of  it  assumes  a  greenish  hue,  the 
cause  of  which  has  not  yet  been  explained.  A  white  va- 
pour also  surrounds  the  extinguished  wick,  owing  to  the 
combinadon  of  water,  produced  by  the  combustion  of  the 
candle,  with  the  muriatic  acid  gas. 

(d,)  It  is  heavier  than  common  air,  in  the  proportion 
of  173  to  100. 

(e,)  It  effects  the  lique&ction  of  a  piece  of  ice,  almost 
as  rsmidly  as  a  red-hot  coal. 

(y!)  It  is  very  rapidly  absorbed  by  water.  A  drop  or 
two  of  water,  admitted  to  a  large  jar  full  of  this  gas, 
causes  the  whole  of  it  instandy  to  disappear.  According 
to  Mr.  Kirwan,  an  ounce-measure  troy  of  water  absorbs 
800  cubical  inches  (i.  e«  421  times  its  bulk,  or  its  own 
weight)  of  muriatic  acid  gas  ;  and  the  water,  by  this  ab- 
sorption, is  increased  about  one-third  its  original  volume. 
Dr.  Thomson^s  experiments  indicate  a  still  larger  absorp- 
tion, viz.  515  cubic  inches,  or  308  grains  by  qne  cubic 
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inch,  equal  to  2S2  grains,  of  water,  at  60"  Fahrenheit ;  the 
barometer  standing  at  29.4. 

{g.)  Muriatic  acid  gas  is  not  decomposed  by  being 
transmilied  over  red-hoi  charcoal,  nor  by  a  succession 
ol  lU'ctrical  shocks.  The  action  of  electricity,  however, 
evolves  a  small  portion  ofhyiirogtn  gas,  proceeding  Irom 
the  wutiT  which  theacid  gas  hulds  in  combination.  From 
an  estimate,  founded  on  this  cxptriment,  I  have  inferred, 
that  100  cubic  inches,  or  60  grains  ol  muriatic  acid  gas, 
hold  in  combination  1.4  grain  ot  watir. — Phil.  Trans. 
180a 

To  prepare  the  Uquid  muriatic  acid,  the  following  pro- 
cess may  be  employ  ed. 

Into  a  tubulated  retort,  placed  in  a  sand  bath,  put  eight 
parts  of  dried  miu'iate  of  soda ;  and,  to  the  tubulurc,  lute 
the  bent  tube  (fig.  25,  a)  with  fat  lute.  To  the  neck  ot"  the 
retort,  affix  a  tubulated  receiver  (tig.  30.  b)  by  means  of 
the  same  lute  ;  and  to  the  aperture  of  this  ad;ipt  a  tube, 
twice  bent  at  riglit  angles,  and  furnished  with  Welter's 
contrivance  for  preventing  absorption,  tlie  longer  leg  of 
which  terminates  beneath  the  surface  ot  water  contained  in 
a  two-necked  bottle.  From  the  other  neck,  let  a  second 
right-angled  pipe  proceed  ;  and  this  may  terminate  in 
a  similar  manner,  in  a  second  bottle  containing  water. 
Let  the  junctures  be  all  carefully  luted  ;  and,  when  they 
are  sulGciently  hardened,  pour  verj'  gradually  through  the 
bent  tube  five  parts  by  weight  of  strong  sulphuric  add, 
making  the  additions  at  several  distant  intervals.  On 
each  affusion  of  the  acid  a  large  quantity  of  muriatic 
acid  gas  will  be  liberated,  and  will  be  absorbed  by  the 
water  of  the  first  bottle,  tilt  this  has  become  saturated. 
It  will  tlien  p;iss  on  to  the  second  bottle,  and  be  there 
al)sort>cd.  The  water  employed  may  amount  to  half  the 
weight  of  the  salt,  and  may  be  equally  distributed  be- 
tivet-n  the  two  bottles.  These  it  is  better  to  surround 
with  cold  water,  or,  still  prcftrably,  with  ice  or  snow  j 
because  the  condensation  of  the  gas  evolves  considerable 
heat,  which  prevents  the  water  from  attaining  its  full  im> 
pregnation.  When  the  \t  hole  of  the  sulphuric  acid  has 
been  added,  and  the  gas  no  longer  issues,  let  a  fire  be 
lighted  in  the  furnace,  beneath  the  siiiid  bath,  i-emovingihe 
bent  tube  a,  and  sulistituting  a  well-ground  glass  stopper. 
This  will  renew  thi  production  of  giis ;  and  the  temperature 
must  be  ]5reservcd,  as  long  as  gas  continues  to  be  evolved. 
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At  this  period  it  is  necessary  to  keep  tlie  ludng,  which 
connects  the  retort  and  receiver,  perfecdy  cool ;  otherwise 
it  will  be  apt  to  melt.  To  this  juncture,  indeed,  I  prefer 
the  application  of  the  clay  and  sand  lute  ;  biit  this  re- 
quires some  address.  Towards  the  close  of  the  process, 
a  dark-coloured  liquid  is  condensed  in  the  first  receiver, 
consisting  of  a  mixture  of  sulphuric  and  muriatic  acids. 
When  nothing  more  comes  over,  the  operation  may  be 
suspended,  and  the  liquid  in  the  two  bottles  must  be  pre- 
served in  botdes  with  ground-stoppers.  It  consists  of  li- 
quid muriatic  acid. 

The  Uquid  muriatic  acid  may  also  be  obtsuned  by  di- 
luting the  sulphuric  acid  with  the  water  necessary  for  die 
condensation  of  the  gas,  and  adding  the  dilute  acid, 
when  cold,  to  the  salt  in  the  retort.  To  the  retort,  an 
adopter  may  be  luted  with  the  clay  and  sand  lute ;  and 
this  may  terminate  in  a  large  tubulated  receiver,  from 
the  aperture  of  which  a  right-angled  Welter's  tube  pro* 
ceeds,  and  is  conveyed  beneath  a  few  ounces  of  water, 
contained  in  a  two-necked  bottle.  A  fire  must  then  be 
lighted  under  the  sand-bath,  and  continued  as  long  as 
any  liquid  comes  over.  The  adopter  and  receiver  must 
be  kept  cool,  by  die  constant  application  of  moistened 
cloths. 

The  acid  formed  in  this  mode  has  the  specific  gravity 
only  of  about  1170  ;  but  by  the  preceding  process,  and 
especially  when  the  botdes  are  surrounded  by  ice  or  snow, 
it  approaches  that  of  1300.  It  possesses  the  following 
characters. 

1.  It  emits  white  suffocating  fumes.  These  consist  of 
muriatic  acid  gas,  which  becomes  visible  by  contact  widi 
the  moisture  of  the  air. 

2.  When  heated  in  a  retort,  or  gas-botde,  muriatic 
acid  gas  is  disengaged,  and  may  be  collected  over  mer- 
cury. 

3.  Liquid  muriatic  acid  is  not  decomposed  by  the  con- 
tact of  charcoal,  essential  oils,  or  other  combustible  bo- 
dies. 

4.  When  diluted  with  water,  no  remarkable  elevatioil 
of  temperature  is  produced. 

5.  In  a  perfectly  pure  state  it  is  quite  colourless  ;  but 
it  has  frequendy  a  yellowish  hue.  This  may  proceed, 
either  from  a  portion  of  oxygenized  muriatic  aad,  or  of 


I  "4 


muHate  of  iron,  but,  I  believe  most  commonly  of  the 
latter.  This  colour  is  instantl)'  destroyed  bj-  a  few  drops 
of  muriate  nf  tin. 

6.  Muriatic  acid  combines  readily  with  alkalies,  and 
with  most  of  the  earths,  both  in  their  pure  and  carbonated 
states. 


^ 


Art.  I. — Muriate  of  Potash. 


Muriate  of  potash  ma>  be  obtained  by  saturating  mu- 
riatic acid  with  carbonate  of  potash,  and  evaporating  the 
solution  till  the  salt  crystallizcH.  These  crystals  have  a 
cubical  shape,  and  a  bitter,  disagreeable  taste ;  the)-  dis- 
solve in  three  times  their  weight  of  water,  a:  60",  and  in 
a  rather  less  proportion  of  boiling  water.  They  undergo 
litde  change  when  exposed  to  the  air  ;  they  decrepitate 
when  thrown  on  the  fire,  but  abandon  only  a  small  por- 
tion of  their  acid. 


£. 


Art.  n. — Muriate  of  Soda. 


Muriate  of  soda  is  that  well  known  salt,  now  become  a 
necessary  ingredient  in  the  food  of  man,  and  of  great 
utility  in  several  of  the  arts. 

I.  Its  composition  may  be  proved  by  the  direct  imion 
of  soda  with  muriatic  acid. 

But  for  purposes  of  experiment  the  common  salt  n 
be  employed,  which  is  to  be  found  in  the  shops. "j"  T 
may  be  puriRed,  by  adding  to  a  solution  of  it  in  waters 
solution  of  carbonate  of  soda,  as  long  as  any  milkiness 
ensues  ;  filtering  the  solution,  and  evaporating  it  till  it 
crystallizes. 

II.  Its  qualities  arc  as  follow  : 
1.  It  crystallizes  in   regular  cubes,    which,  when  ihC'] 

t  Bi7-all,  or  BAery  a.\i,  is  the  purtit  form  of  con 
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salt  is  pure,  are  unchanged  by  exposure  to  the  an*.  The 
common  salt  of  the  shops,  however,  acquires  an  increase 
of  weight,  in  consequence  of  the  absorption  of  moisture 
by  the  impurities  which  it  contauns. 

2«  It  requires,  for.  solution,  twice  and  a  hs^  its  weight 
of  water,  at  60^  of  Fahrenheit,  and  hot  water  takes  up 
very  little  more.  Hence  its  solution  crystallizes,  not  like 
that  of  nitre,  by  cooling,  but  by  evaporation. 

3.  When  heated  gradually  it  fuses,  and  forms,  when 
cold,  a  solid  compact  mass. 

4.  If  suddenly  heated,  as  by  throwing  it  on  red-hot 
coals,  it  decrepitates. 

5.  It  is  not  decomposed  when  ignited  in  contact  with 
inflammable  substances. 

6.  When  mixed  with  powdered  charcoal  or  sulphur, 
and  fused  in  a  crucible,  it  does  not  undergo  any  decom* 
position  or  essential  change ;  because  the  muriatic  acid, 
if  it  contain  any  oxygen  (which  has  not  yet  been  proved), 
holds  that  basis  more  strongly  combined  than  it  is  at- 
tracted by  combustible  bodies. 

7.  It  is  decomposed  by  the  carbonate  of  potash,  the 
sdkaU  of  which  combines  with  the  muriatic  acid  of  the 
salt,  and  die  carbonic  acid  is  transferred  to  the  soda.— - 
Hence  we  obtain  muriate  of  potash  and  carbonate  of  so- 
da. A  process  for  effecting  this  decomposition,  on  a  large 
scale,  is  described  by  Westrumb,  in  Crell's  Journal,  Eng- 
lish translation,  ii,  127* 

8.  It  is  decomposed  by  the  sulphuric  acid  in  the  mode 
already  described.  Nitric  acid  also  separates  the  muriadc 
acid. 


Art.  III. — Muriate  of  Ammonia.  (N.  27.) 


/. 


1»  If  equal  measures  of  ammoniacal  gas  and  muriatic 
acid  gas  be  mixed  together,  over  mercury,  they,  are  im- 
mediately condensed,  a  white  doud  is  formed,  and  a  solid 
substance  is  deposited  on  the  sides  of  the  vessel. 

This  is  the  muriate  of  ammonia. 

For  the  purposes  of  experiment,  it  may  be  procured 
in  the  shops,  under  the  name  of  sal-ammoniac 

Its  properties  are  as  foUow : 


ire 


(a)  It  is  volatilized,  without  being  liquefied  or  de< 
composed,  and  hence  may  be  sublimed. 

(A)  It  ia  readily  soluble  in  water,  three  parts  and  '•I 
halt  of  which,  at  BO",  take  up  one  of  the  salt.  DurtiM^jj 
its  solution  much  caloric  is  absorbed.  In  boiling  watcf  H  1 
IB  still  more  soluble;  and  the  solution,  on  cooling,  shoolB  ] 
into  regular  crj'Stals. 

(c)  It  slightly  attracts  moisture  from  the  air. 

(d)  On  the  addition  of  a  solution  of  pure  potash,  or 
pure  soda,  the  allcali  is  disengaged,  as  is  evinced  by  the 
pungent  smell  that  arises  on  the  mixture  of  these  two 
bodies,  though  perfectly  inodorous  when  separate.  J 

(r)  It  is  also  decomi>osed  by  barytes,  strontites,  lime,  I 
and  magnesia.  •  M 

For  the  purpose  of  separating  the  volatile  alkali,  and  ' 
obtaining  it  in  a  liquid  form,  lime  is  generally  employed; 
Two  parts  of  powdered  and  sifted  lime  are  to  be  mixed 
with  one  of  muriate  of  ammonia,  and  put  into  a  retort, 
the  neck  of  which  is  to  be  luted  (with  slips  of  moistened 
bladder,  bound  down  by  string),  to  a  tubulated  receiver, 
(fig.  31,  a.)  From  the  other  opening  of  the  receiver,  a 
right-angled  tube,  with  Welter's  addition  (fig.  31,  by,  U 
to  proceed,  and  to  terminate  beneath  the  surface  of  wa- 
ter, contained  in  a  two-necked  botde  (c).  This  bottle  ia 
to  be  connected,  by  a  second  right-angled  tube,  with  an- 
other similar  bottle  {li),  containing  (as  should  the  first  al- 
so),  a  quantity  of  water,  equal  in  weight  to  one-fourth 
that  of  the  muriate  of  ammonia.  The  decomposition  is 
eflfecLed  by  heat  ;  and  the  gas  is  absorbed  by  the  water 
contained  in  the  bottles,  which  should  be  surrounded  by 
ice  or  snow.  The  water  acquires  a  strong  smell,  and  h;^ 
its  specific  gravity  diminished,  when  fully  impregnated,  to 
09.684.  This  watery  solution,  when  heated  m  a  gas 
bottle,  gives  up  its  ammonia,  which  passes  over  in  an  aeri- 
form state,  and  may  be  received  over  quicksilver. 

A  solution  of  ammonia,  in  water,  may  also  be  obtain- 
ed, as  follows:  Slack  two  parts  of  quickhme,  with  two  of 
water  ;  add  to  this,  when  cold,  one  part  ol  muriate  of 
ammonia,  and  six  parts  of  water.  Stir  the  mixture,  and 
transfer  it  into  a  retort ;  lute  on  a  receiver ;  and  separate, 
by  distillation,  one  part  of  liquid.  The  former  process, 
however,  is  incomparably  the  best. 

When  a  mixture  of  one  part  of  powdered  muriate  of 
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ammonia  with  two  of  powdered  carbonate  of  lime  (chalk)^ 
both  perfecdy  free  m>m  moisture,  is  disuUed  together  in 
a  retort,  a  scdid  white  substance  condenses  on  the  inner 
surfikce  of  the  receiver.  This  is  the  carbonate  of  ammp* 
nia;  and  the  process  now  described  is  that  by  which, 
with  the  substitution  of  proper  subliming  vessels,  the 
carbonate  of  ammonia  is  prepared  for  sale. 

Art.  IV. — Muriate  of  Barytea 

Is  best  prepared,  by  dissolving  either  the  artificial  or 
native  carbonate  in  (tiluted  muriatic  acid;  or,  if  neither 
of  these  (can  be  had,  the  sulphuret.  The  iron  and  lead, 
which  are  occasionsilly  dissolved,  along  with  the  barytea| 
may  be  separated  by  the  addition  of  a  small  quantity  of 
liquid  ammonia,  or  by  boiling  and  surring  the  soludon 
in  contact  with  a  little  lime.  When  filtered  and  evs^po- 
rated,  it  yields  regular  crystals,  which  have  most  com- 
monly the  shape  of  tables,  bevelled  at  the  edges,  or  qf 
eight-sided  pyramids,  appUed  base  to  base.  They  die- 
scuve  in  five  parts  of  water,  at  60^,  or  in  a  still  sniaUer 
quantity  of  boiling  water ;  and  also  in  alcohoL  They 
are  not  altered  by  exposure  to  the  atmosfdiere ;  nor  are 
they  decomposed,  eixept  partially,  by  a  high  tempera- 
ture. The  sulphuric  aad  separates  the  muriatic ;  and  the 
salt  is  also  decomposed  by  alkaline  carbonates  and  sul- 
phates. 

Art*  W.'-^MuriateofStrmtites 

may  be  obtained  by  following  the  same  process  as  that 
employed  in  preparing  the  baiytic  salt.  Tne  solution  s^ 
fords  long  slender  hexagonal  prisms,  which  are  soluble  in 
two  parts  of  water,  at  60^  ;  and  to  almost  any  amount  in 
boiling  water.  In  a  very  moist  atmosphere  they  deli« 
quiate.  They  dissolve  in  alcohol,  and  give  a  blood-red 
colour  to  its  flame. 

Z 


Art.  VI. — Muriate  of  Ijme. 

This  salt  may  be  prepared  by  dissolving  catfaonate  rf  \ 
lime  in  muriatic  acid,  or  by  washing  off  the  soluble  part 
of  the  mass,  which  remains  after  the  distillatioD  of  the 
solution  of  pure  ammonia  from  muriate  of  ammonia  and 
lime. 

The  solution  cr\'stalllzes  in  six-sided  striated  prisms, 
terminated  by  very  sharp  pyramids.  If  it  be  evaporated 
to  the  consistence  of  a  syrup,  and  exposed  in  a  temper- 
ature of  32',  it  forms  a  compact  mass,  composed  of  bun- 
dles o(  needle-shaped  cr)'stals,  crossing  each  other  con- 
fusedly. 

The  crystals  dissolve  in  half  their  weight  of  cold 
water,  and  to  an  unlimited  extent  in  boihng  water,  be< 
ing,  in  fact,  soluble  in  their  water  of  crystallization.— 
They  deliquiaie  rapidly  in  the  air,  and  enter  into  fusion 
when  heated.  If  fused  in  a  crucible,  and  treated  in  the 
same  manner  as  the  nitrate  of  lime,  they  jield  a  solar 
phosphorus,  called,  from  its  discoverer,  Hombtrg't  I^OS' 
phorus.  When  mingled  with  snow,  they  produce  intense 
cold,  as  has  already  been  described.  J 

Art.  VII. — Muriate  of  Magnesia.  1 

This  is  also  a   deliquescent  and  difhculdy  crystallized 
salt.      It  has    an    intensely  bitter  taste  ;  is  soluble   in  its 
own  weight  of  water,  or  in  hve  parts  of  alcohol.     Unlike 
the  preceding  minerals,  it  is  decomposed  by  ignition 
a  high  temperature. 

The  muriates  of  magnesia  and  lime  are  generally  ci 
tained  in  muriate  of  soda,  and  impart  to  diat  salt  its  de- 
li que  at  em  properly.     They  impair,  too,  its  power  trf  pre- 
serving food.     They  are  also  ingredients  of  sea-walcr. 

Art.  VIll — Muriate  of  Ahunine 

may  be  formed  by  dissolving  fresh  precipitated  aluinine  a 
■"■"■■^''-  acid  i   but  the  acid  is  always   in  excess.     '•  ■ 
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scarcely  possible  to  obtain  this  salt  in  ciystals  ;  for,  by  eva- 
poration, it  assumes  the  state  of  a  thick  jelly.  It  is  ex- 
tremely soluble  in  water,  and  deliquescent  when  dry.  In 
a  high  temperature  it  abandons  its  acid  entirely. 


Art.  IX. — Muriate  of  Glucine. 

This  salt  is  little  known.  Like  all  the  salts  of  glucine, 
it  has  a  sweet  taste,  and  crystallizes  more  readily  than  the 
nitrate. 


Art.  '^.'-^Muriate  of  Zircon. 

Fresh  precipitated  zircon  is  readily  dissolved  by  muri- 
atic acid.  The  compound  is  colourless  ;  has  an  astrin- 
gent taste ;  and  furnishes,  by  evaporation,  small  needle- 
diaped  ciystals,  which  tbse  their  transparency  in  the  sur. 
It  is  very  soluble  in  water  and  in  alcohol.  It  is  deootiu 
posed  by  heat,  and  by  die  saliva  of  the  mouth.  .  The 
eallic  add,  pouj^  into  the  solution,  predpitates,  if  it  be 
free  from  iron,  a  white  powder.  Carbonate  of  ammonia 
gives  a  predpitate,  which  is  re-dissolved  by  an  excess  of 
die  carbonate. 


Art.  XL—- ilfcriale  of  Tttrku 

This  compound  has  a  striking  resemiblance  to  nitrate  of 
yttria.  Like  that  salt  it  dries  with  difficult,  and  attrKts 
moisture  from  the  air.  It  does  not  cr3^stallize,  when  eva- 
pomted,  but  forms  a  jelly. 


OXY-MURIATIC    ACID. 


OXVGEHIZED    MURIATIC    ACID,    AND    ITS    COMPOUNDS^'I 


Oxtfgemzed  Muriatic  Acid. 


I.  Thta  acid  may  be  formed  by  either  of  the  foUowiog  1 
processes :  1 

1.  Into  a  stoppered  retort  introduce  eight  ounces  of  li-  I 
quid  muriatic  acid,  and  four  ounces  of  finely  powdered  f 
manganese,  and  apply  the  heat  of  a  lamp.     A  gas  will  be 
produced,  which  may  be  received  over  water  in  the  usual 
manner.     From  the  foregoing  materials  about  160  cubical 
inches  of  gas  may  be  obtained. 

2.  Mix  eight  ounces  of  muriate  of  soda  f  common  salt) 
with  three  ounces  of  powdered  manganese ;  put  them  into 
a  stoppered  retort,  and  pour  on  them  four  ounces  of  sul- 
phuric acid,  diluted  previously  with  four  ounces  of  water, 
and  which  has  been  suffered  to  cool  alter  dilution.  On 
apply  iDg  a  gentle  heat,  gas  will  be  produced,  as  in  1.  As 
the  gas  is  absorbed  by  contact  with  water,  though  not 
rapidly,  it  should  be  received,  when  it  is  intended  to  be 
kepi,  into  bottles  filled  with,  and  inverted  in,  water,  and 
provided  with  ground  stoppers.  The  stoppers  must  be  in- 
troduced under  water,  while  the  bottle  remains  inverted. 

3.  To  an  ounce  measure  of  liquid  muriatic  acid,  con- 
tained in  a  gas-bottle,  add  three  or  four  drachms  of  a  salt, 
which  will  presend)'  be  described,  the  h\  per -oxygenized 
muriate  of  potash.  If  the  acid  be  very  concentrated,  ( 
will  be  evolved  without  the  application  of  heat ; 
when  it  has  ceased  to  be  generated,  the  production  v 
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be  renewed  by  a  gentle  heat,  such  as  that  obtained  by  im- 
mersing the  gas-bottle  in  a  vessel  of  warm  water.  Re- 
ceive the  gas  into  botdes,  furnished  with  extremely  well 
ground  stoppers ;  and,  when  they  are  full,  put  the  stop- 
per into  its  pbce,  and  invert  the  botdes,  widi  their  mouths 
downwards,  in  mercur}'. 

As  this  gas  is  rapidly  absorbed  by  cold  water,  the  water 
of  the  receiving  trough  should  be  of  the  temperature  of 
between  80*"  ai^  90"*  Falurenheit ;  and  the  gas  should  re* 
main,  as  short  a  dme  as  possible  before  use,  in  conta<!t 
with  water.  Mercurj'  is  not  adapted  for  its  reception^ 
because  on  this  metal  the  gas  exerts  a  considerable  action. 

II.  Oxygenized  muriatic  acid  gas  has  the  following 
properties : 

(a)  It  has  a  deep  yellow  colour. 

(b)  It  has  a  pungent  and  sufibcating  smell.  In  expe- 
riments on  this  gas,  great  care  should  be  taken  that  it 
does  not  escape,  in  any  considerable  quantity,  into  the 
apartment,  as  its  action  on  the  lungs  is  extremely  injurious 
and  oppressive. 

(c)  By  a  temperature  of  40*,  it  is  reduced  into  a  liquid 
form,  and  is  condensed  on  the  sides  of  the  vessel.  Hence 
some  chemists  have  contended,  that  it  should  be  classed 
among  vapours,  and  not  among  gases. 

When  a  receiver,  filled  with  mis  gas,  is  surrounded  by 
snow,  or  pounded  ice,  the  gas  forms  on  its  surface  a  solid 
concretion,  of  a  yellowish  colour,  resembling,  in  its  ra- 
mifications, the  ice  which  is  deposited  on  the  surfisce 
of  windows  during  a  frosty  night.  By  a  moderate  in- 
crease of  heat,  such  as  to  50*  Fahrenheit,  this  crust  melts 
into  a  yellowish  oily  liquid,  which,  on  a  fisirther  elevation 
of  temperature,  passes  to  die  state  of  a  gas. 

(J)  The  oxygenized  muriatic  acid  exerts  powerful  ef- 
fects on  various  combustible  bodies,  both'  aeriform,  liquid, 
and  solid. 

1.  Let  a  vial,  provided  with  a  well  ground  stopper,  be 
filled  with  a  mixture  of  hydrogen,  and  oxy-muriatic  gas, 
in  the  proportion  of  three  of  die  former  to  four  of  the 
latter.  Put  the  stopper  into  its  place,  and  keep  the  botde 
24  hours,  inverted  with  its  mouth  under  water.  On  with- 
drawing the  stopper,  nearly  the  whole  of  the  gas  will  have 
disappeared ;  and  the  remainder  will  be  absorbed  by  the 
contact  of  water.     In  this  experiment,  the  oigrgen  of  the 
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;icid  gas  coinbiiKS  wiih  the  hydrogen,  and  forms  wal 

and  the  acid  returns  to    ttie  state   of  coi 

ttcJd. 

a.  Mingle,  in  the  detonating  tiil>e,  (fig.  28.  or  29.)  tl 
measures  of  hydrogen  gas  with  four  of  oxygenized 
riatic  gas.  When  aa  electric  sparlt  is  passed  through 
mixture,  a  detonation  will  ensue,  and  nearly  the  wl 
will  be  absorbed.  The  proportion  of  hydrogen  and  pi 
osy-muriatic  gases,  required  for  mutual  saturation,  ; 
cording  to  Mr,  Cruickshank,  is  J  of  the  former  to  3i  of 
the  latter. 

3.  Bodi  the  foregoing  experiments  may  be  repeated, 
with  ihc  substitution  of  carburettcd  hydrogen  gas  from 
moistened  charcoal,  from  distilled  coal,  or  from  stai 
water.  A  larger  proportion  of  the  oij  genized  acid,  ho 
ever,  must  be  used,  viz.  three  or  four  m::asures  to  one 
the  combustible  gas.  In  this  case,  also,  the  dimioutioa 
not  complete  ;  for  there  remains  a  quantity  of  carl 
acid  gas,  which  may  be  absorbed  by  lime  liquor, 
proportion  of  oxy-muriatic  gas,  lesa  than  what  is  requii 
for  saturation,  be  Hred  with  any  of  these  gases,  there 
an  abundant  precipitation  of  charcoaL 

4.  The  carbonic  oxide  ia  converted,  by   contact  vfi 
the  oxy-muriatic  gas,  into  carbonic  acid.     Mix  3  measi 
of  the  carbonic  oxide  with  two  2-3ds  of  the  oxygcnizi 
gas  i  and  allow  them  to  stand,  for  24  hours, 
which  is  entirely  filled  hy  the  mixture.     On  withdrawlag 
the  stopper  at  this  period  under  water,  the  water  will  rush 
in,  and  will  fill  two-thirds  of  the  bottle.     The  remaining 
one-third  is  carbonic  acid  gas,  absorbable  by  lime  wal 
It  is  remarkable,  that  a  mixture  of  these  two  gases  cai 
be  set  on  fire  by  the  electric  spark. 

5.  7'he  oleiiant  gas  exhibits,  when  mixed  with  oxy 
riatic  gas,  a  very  singular  appearance.  It  is  diminishci 
in  bulk,  as  rapidly  as  oxygen  gas  is  by  nitrous  gas,  and  a 
thin  film  of  oil  forms  on  the  surface  of  the  water.  The 
proportions  required,  for  complete  coudensation,  are  2-J 
measures  of  the  oleiiant  to  3  of  the  oxygenized  gas.  This 
phenomenon  is  not  perfectly  understood. 

6.  Oxv-muriatic  gjs  exerts  no  action  on  azotic  gas ; 
but  nitrous  gas  is  condensed  by  it,  in  the  same  raaomcr  as 
by  oxygen  gas. 

7.  When    mixed    with  sulphuretted  hydrogen  gas,  it 
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occasions  a  oondensation,  and  a  precipitation  of  sulphur. 
It  condenses  sulphurous  acid  gas  into  sulphuric  acid. 

8.  Phosphorus  introduced  into  the  oxygenized  acid 
gas,  takes  fire  spontaneously)  and  bums  vehemently. 

9.  Sulphur  is  not  inflamed  by  it ;  but  a  piece  of  sulphur 
iastened  to  the  end  of  a  glass  rod,  and  confined  in  the 
gas,  is  slowly  oxygenized,  and  drops  down  in  a  liquid 
ibrm. 

By  passing  streams  of  this  gas  through  flowers  of  sul- 
phur. Dr.  Thomson  obtained  a  new  combination  of  oxide 
of  sulphur  with  muriatic  acid,  which  he  terms  sulphnret- 
ted  muriatic  acid — (Elements,  2d  edit.  .IV.  763.)  An  ac- 
count of  the  properties  of  this  substance  may  be  seen  as 
above,  or  in  the  6th  volume  of  Nichobon's  Journal. 

10.  The  charcosdi  of  b^ech-wood,  when  foiely  powder- 
edf  and  perfectly  dry,  is  inflamed  by  this  gas.  So  also  is 
the  pjrrophorus  of  Homberg. 

11.  Almost  every  metal,  in  a  state  of  minute  division, 
takes  fire  spbntaneously,  and  bums  in  this  gas.  The  very 
malleable  metals,  such  as  gold,  silver,  &c.  which  can  be 
reduced  to  extremely  thin  leaves,  are  best  applied  to  the 
gas  in  this  state.  Others^  as  iron,  zinc,  copper,  &c.  must 
be  introduced  in  the  state  of  fine  filings.  The  most  rea- 
dily oxidized  meta^  bum  with  the  greatest  brilliancy. 
The  proportion  is  about  40  grains  of  each  metal  to  40 
cubic  mches  of  gas ;  and,  into  the  bottom  of  the  receivers 
Ikde  sand  may  be  poured,  to  prevent  it  from  being  broken. 

Metallic  andmony  bums  with  a  very  brilliant  white 
flame,  ^and  throws  out  sparks*  Arsenic  exhibits  a  fine 
green  or  blue  flame,  attended  with  sparks,  and  a  dense 
white  smoke  ;  bismuth,  a  blueish  flame  ;  nickel,  a  yellow- 
ish white  one  ;  cot>alt,  a  blueish  white ;  zinc,  a  white  flame 
and  sparks ;  tin,  a  blueish  white  light ;  lead,  a  clear  white 
flame  ;  copper,  a  red  and  slowly  spreading  light ;  and  iron, 
a  bright  red  light.  In  all  these  experiments,  the  tempera- 
ture of  the  gas  should  not  fall  short  of  70®  ;  and,  to  ensure 
their  success,  it  should  be  prepared  by  the  third  process. 

(^)  The  oxygenized  muriatic  gas  destroys  all  vegetable 
colours.  This  may  be  shewn  by  passing  into  it,  through 
water,  a  piece  of  cloth,  or  of  paper^  stained  with  litmus, 
the  colour  of  which  will  speedily  disappear.  Hence  the 
application  of  this  gas  to  the  purpose  of  bleaching.     Its 
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a  ^is  mode,  may  be  seen  by  confining  in  it  a 
pattern  of  unbleached  calitu. 

(y.)  This  gas  la  absoibcd  by  water  ;  slowly,  if  allowed 
to  stand  over  it  quiescent,  but  rapidly  when  agituted. 

The  best  method  of  tffecting  the  impregnation  of  wa- 
ter With  this  gas,  is  by  means  of  a  Woutfi's  appairatus, 
the  botdes  ol  which  should  be  surrounded  by  ice-cold 
water.  The  precise  bulk  of  the  gas,  which  water  is  cap- 
able of  absorbing,  is  not  ascertained.  According  to  the 
proportions  slated  by  Berthollet,  1000  grains  of  water,  at 
ibe  temperature  of  43°  Fahnoheit,  take  up  1073  grains 
of  the  gas,  and  acquire  the  specific  gravity  of  1003. 

ig)  The  watery  solution,  if  perfectly  free  from  com- 
mon muriatic  acid,  has  not  the  usual  taste  of  an  acid, 
but  an  astringent  one.  Its  purity  from  the  latter  acid  may 
be  ascertained  by  a  solution  of  nitrate  of  mercury,  which 
is  precipitated  by  the  common,  but  not  by  the  oxygenized 
acid. 

(A)  The  watery  solution  acquires  the  colour  and  pecu- 
liar smell  of  ihe  gas,  and  has  a  similar  property  of  dis- 
charging vegetable  colours.  Hence  it  may  be  employed 
in  bleaching. 

That  its  action  in  bleaching  is  attended  with  the  de- 
composition of  the  acid,  and  the  deprivation  of  its  oxy- 
gen, may  be  ascertained  by  examining  a  portion  of  the 
Uquid,  by  means  of  which  several  patterns  of  unbleach- 
fd  calico  have  been  successively  whitened.  The  liquor 
will  be  found  almost  entirely  to  have  lost  its  smell,  and  to 
precipitate  nitrate  of  mercury  abundantly. 

(t)  When  the  water}'  solution  is  exposed  to  a  tempera- 
ture a  litde  above  that  of  freezing  water,  the  gas,  which 
is  combined  with  it,  separates  in  the  form  of  a  liqiud, 
heavier  than  water. 

(i)  The  oxygenized  acid  is  not  decomposed  by  the 
temperature  of  boiling  water ;  for  it  may  be  raised  in  dis* 
tiUation,  and  again  condensed  without  change. 

(/)  When  this  solution  is  exposed  to  the  direct  raya  of 
the  sun,  the  oxygenized  acid  is  decomposed ;  its  o:^gen 
escapes  in  the  form  of  a  gas,  and  it  is  reduced  to  the 
state  of  common  muriatic  acid.  The  ox}'gen  ga»  may 
be  collected,  by  exposing  the  solution  in  a  gas-botde  fur- 
nished with  a  bent  tube,  which  terminates  in  the  pneuma- 
lo-chemical  apparatus. 


I 


«ECT»II.  ■TPSR-OZTICUKIATBI-  '    '1B5 

.  (m)  The  oxygenized  muriatic  add  combines  widi  al- 
JcaUs,  and  forms  peculiar  compounds* 
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Hypef'oocygenized  Muriates. 

Art.  I. — Hyper-oxygenbud  Muriate  of  Potash. 

The  properties  of  this  salt  were  discovered  by  Berthol- 
)et.  It  may  be  formed  by  passing  the  oxygenized  muriatic 
add  gas,  as  it  proceeds  from  the  mixture  of  muriate  of 
soda,  sulphuric  acid,  and  manganese,  through  a  solution 
of  caustic  potash.  (N.  28.)  This  may  be  done  by  means  of 
Woulfe's  apparatus,  using  only  one  three-necked  bottle  in 
addition  to  the  balloon.  The  tube,  which  is  immersed  in 
the  alkaline  solution,  should  be  at  least  half-an-inch  in 
diameter,  to  prevent  its  being  choked  up  by  any  ciystals 
that  may  form.  The  solution,  when  saturated  witn  the 
gas,  may  be  gendy  evaporated,  and  the  first  products  Only 
of  oystab  are  to  be  reserved  for  use ;  for  the  subsequent 
products  consist  of  common  muriate  of  potash  only. — 
Now,  since  the  gas,  when  it  first  came  into  contact  with 
•the  alkaline  solution,  was  purely  oxygenized  muriatic 
sicid,  it  follows  that  a  part  of  this  acid  must  have  been 
disK>xygenized  during  the  absorption,  and  have  returned 
back  to  the  state  of  common  muriatic  acid.     Let  us  sup- 

Cie  the  oxvgenized  acid,  when  first  presented  to  the  al- 
ine solution,  to  be  divided  into  two  portions ;  one  of 
dieae  gives  up  its  excess  of  oxygen  to  the  other  half,  re- 
turns to  the  state  of  common  muriatic  acid,  and,  com- 
bining with  the  alkali,  forms  muriate  of  potash.-— 
The  latter  portion,  therefore,  is  oxygenized  acid,  plus  a 
certain  quantity  of  ox>'gen;  and  this,  uniting  with  an- 
other portion  of  alkali,  forms  a  salt,  which  Mr.  Cheneviz 
has  termed  hyper-oxygenized  muriate.  Stricdy  speak- 
ing, simple  oxygenized  muriates  do  not  exist ;  for,  in  all 
this  class  of  salts,  the  acid  contains  65  per  cent  of  oi^» 
gen  more  than  in  the  state  of  common  muriatic  add; 
whereas,  the  oxygenized  acid  contains  only  16  per  cent 
in  addition.     It  might  be  expected  that  a  stronger  acid, 
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such  as  the  sulphuric,  would  expel  from  these  salts  the 
hyper-oxygcnized  acid  in  the  form  of  gas ;  but  this  acid, 
by  thy  temperature  necessary  for  its  liberation,  is  partial- 
ly decomposed,  and  again  returns  nearly  to  the  state  oC 
oxygenized  acid. 

The  reader,  who  wishes  for  farther  information  on  this 
subject,  is  referred  to  a  masterly  paptr  of  Mr.  Chencvix, 
in  the  Phil.  Trans.  1801  j  reprintid  in  Nicholson's  Svo 
Journal,  vol.  i.  and  in  [he  Phil.  Mag. 

The  hyper-oxvgenizcd  murial«  of  potash  has  the  fc 
lowing  quuliiies: 

(a)  It  has  the  'form  of  shining  hcxaedr:d  laminae, 
rhomboidal  plates. 

(A)  One  pitn  of  the  salt  reqnires  17  of  cold  water 
BoUition,  but  five  parts  of  hot  water  take  up  two  of 
salt. 

(t)  It  is  not  decomposed  by  exposure  to  the  direct 
rays  of  the  sun,  either  in  a  crystallized  or  dissolved 
state. 

(rf)  When  the  hype r-ox\' gen i zed  muriate  is  submitted 
to  distillation  in  a  coated  retort,  it  first  fuses,  and,  on  ■ 
further  increase  of  temperature,  yields  oxygen  gas  of. 
great  purity.  A  hundred  grains  of  the  salt  aford  75 
cubic  inches  ol  gas,  contaming  only  about  three  per  cent, 
of  azotic  gas. 

(e)  Tile  hyper>oxygenized  muriate  of  potash  has  oo 
power  o(\  discharging  vegetable  colours  ;  but  the  add!- 
tion  of  a  little  of  the  sulphuric  acid,  by  setting  the  oxy- 
genized acid  at  liberty,  devclopea  this  property. 

(J')  The  salt  is  decomposed  by  the  stronger  acids,  as 
the  sulphuric  and  nitric  acids.     This  will  be  proved  by 
dropping  a  few  grains  of  the  salt  into  a  little  strong  sul> 
phuric  acid.     A  strong  smell  will  arise,  and,  if  the  quao* 
titles  be  sufficiently  large,  an  explosion  will  ensue.     Tl" 
experiment  should,    therefore,  be   made  with  great  ca 
tion.     When  this  mixture  is   made  at  the  bottom  of 
deep  eessil,  the  Vessel  is  filled  with  oxygenized  muriatic 
gas,  whith  inflames   sulphuric   ether,  alcohol,   or  oil  of 
turpentine,  when  poured  into  it;  and  also  camphire,  resin, 
tallow,  eUistic  gum,  8(c.     (Dav>'.) 

Muriatic  acid,  as  has  already  been  stated,  disengages 
the  oxygenized  acid )  and  the  addition  of  a  few  grain-: 
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of  die  sidt  to  an  ounoe  meaBure  of  the  acid)  imparts  to 
it  the  property  of  discharging  vegetable  colours. 

')  This  salt  exerts  powerful  effects  on  inflammi^ 
les* 

1.  Rub  two  grains  into  powder  in  a  mortar,  and  add 
one  grain  of  sulfur*  Mix  them  very  accurately,  by 
gentle  triture,  and  then,  having  collected  the  mixture  to 
one  part  of  the  mortar,  press  the  pestle  down  upon  it 
suddenly,  and  forcibly*  A  loud  detonation  will  ensue.— ^ 
Or,  if  the  mixed  ingredients  be  wrapped  in  some,  strong 
paper,  and  then  struck  with  a  hammer,  a  still  louder  re^ 
port  will  be  produced. 

•  2.  Mix  five  grains  of  the  sak  with  half  the  quantity  of 
powdered  charcoal  in  a  similar  manner.  On  .triturating 
^e  mixture  strongly,  it  will  inflame,  especially  with  the 
addition  of  a  grain  or  two  of  sulphur,  but  not  with  much 
Doise. 

3.  Mix  a  small  quantity  of  sugar  widi  half  its  wei|^ 
of  the  salt,  and  on  the  mixture  pour  a  little  strong  sulphUf- 
ric  acid.  A  sudden  and  vehement  inflammation  will  be 
produced.  This  experiment,  as  well  as  the  following, 
requires  caution. 

4.  To  one  grain  of  the  powdered  salt,  in  a  mortar^  add 
about  half  a  grain  of  phosphorus.  The  phosphorus  will 
detonate,  on  die  gentlest  triture,  with  a  very  loud  report. 
The  hand  should  be  covered  with  a  glove  in  making  this 
experiment,  and  care  should  be  taken  that  the  phosphorus, 
in  an  inflamed  state,  does  not  fly  into  the  eyes.-— Phos- 
phorus may  also  be  inflamed  under  the  surface  of  water 
hy  means  of  this  salt.  Put  into  a  wine<fglass,  one  part 
4)f  phosphorus  with  two  of  the  salt ;  fill  it  nearly  with 
water,  and  pour  in,  by  means  of  a  glass  tube,  reaching 
Id  the  bottom,  three  or  four  parts  of  sulphuric  acid. 
•The  phosphorus  takes  fire,  and  bums  vividly  under  the 
water.  This  experiment  requires  caution,  lest  the  inflam- 
ed phosphorus  should  be  thrown  into  the  eyes.  (Davy.) 
Oil  may  also  be  thus  inflamed  on  the  surface  of  water, 
the  experiment  being  made  with  the  omission  of  the 
phosphorus,  and  the  substitution  of  a  little  oUve  or  lin- 
seed oiL 

5.  Hyper-oxygenized  muriate  may  be  substituted  for 
nitre  in  the  preparation  of  gun-powder,  but  the  mixture 
^of  the  ingredients  requires  extreme  circumspection.     It 
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may  be  proper  also  to  state,  that  this  salt  should  not  be  1 
kept  mixfd  wiUi  sulphur  in  considerable  quantify,  suc^  I 
mixtures  having  been  known  to  detonate  spontaneously. 


Art.  II. — Hyper-oxygenized  Muriate  of  Soda. 

This  salt  may  be  obtained,  by  following  the  process  k 
ready  described,  with  the  substitution  ol  pure  soda  for 
potash.  It  IS  exceedingly  diHiciilt,  however,  to  obtain  it 
purt ;  because  it  nearly  agrees,  in  solubilit>,  with  the 
common  muriate  ot  soda.  It  is  soluble  in  three  parts  of 
cold  water,  and  in  rather  less  of  hot,  and  is  slightly  de- 
liquescent.  It  is  soluble  also  in  alcohol;  but  so  also,  ac- 
cording to  Mr.  Chenevix,  is  the  common  muriate.  It 
crystallizes  in  cubes,  or  in  rhomboids  approaching  the 
cube  in  form.  In  the  mouth  it  produces  a  sensation  of 
cold,  and  a  taste  scarcely  to  be  discriminated  from  that 
of  muriate  of  soda.  In  other  properties  it  agrees  with  i 
the  similar  salt  with  base  of  potash. 
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,  Art.  III. — Hijper'Oxygenized  Muriate  of  Ammonia. 

This  salt  cannot  be  procured  by  the  direct  union  of  die  ' 
OX\"genizfd  acid  with  pure  ammonia,  because  these  two 
bodies  mutually  decompose   each   other  ;  as  will  appear 
from  the  following  experiments. 

1.  Fill  a  pint  receiver  with  the  oxygenized  acid,  pre- 
pared by  the  third  process  ;  and  pour  into  it  half  a  drachq 
of  the  strongest  solution  of  ammonia  that  can  be  pM 
cured.     A  detonation  will  presently  ensue. 

2.  Fill  a  four-ounce  bottle  with  the  oxygenized  acid,' 
and  invert  it  in  a  cup  containing  4  oz,  measures  of  the 
solution  of  pure  ammonia.  Presently  the  liquor  will  be 
absorbed,  and  a  detonation  will  tnsue,  which  will  throw 
down  the  bottle,  unless  firmly  held  by  the  hand.  In  the 
botde  there  remains  a  portion  of  gas,  which  is  azotic  gas. 

3.  Pass  the  oxi'genized  acid  through  a  solution  of  am- 
monia in  a  Woulfe's  bottle  ;  from  one  neck  of  which  a 
tube  proceeds,  and  terminates  under  the  inverted  funne' 
of  the  pneumadc  trough.  Bubbles  of  gas  will  be  formed, 
and  may  be  collected  in  an  inverted  receiver.  They  con- 
sist of  pure  azotic  gas. 
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In  all  these  experiments,  the  redundant  oitygen  ofth^ 
flcid  unites  vrith  the  hydrogen  of  the  ammonia,  and 
forms  water,  while  the  azote  of  the  ammonia  is  liberated 
in  a  gaseous  state.  A  combination  of  ammonia,  with  the 
hyper-oxygenized  muriauc  acid,  may  be  formed,  by  adding 
a  solution  of  carbonate  of  ammonia  to  one  of  hyper-oxy- 
muriate  of  lime.  A  salt  is  obtsdned,  on  evaporation, 
which  is  very  soluble  in  water  and  in  alcohol,  and  which 
is  decomposed  at  a  moderate  temperature,  yielding  a 
quantity  of  gas  and  a  smell  of  oxymuriatic  acid*  Iti 
properties  have  not  been  much  investigated. 

The  property  which  ammonia  possesses,  of  decompos- 
ing oxygenized  muriatic  acid,  renders  it  extremely  useful 
in  correcting  the  oflfenuve  vapours  of  that  gas,  which  art 
sometimes  accidentally  set  at  liberty  in  places  where  it  is 
prepared*  And  when  suffocauon  threatens  to  come  on, 
m  conseqoenpe  of  the  fumes  of  the  pxygeniz^  acid',  At 
most  effectual  remedy  is  to  hold  a  stopper,  moistened  with 
ammonia,  to  the  mouth  and  nostrib* 

Art.  lY."^ Remaining  Hyper-Oxygenized  Muriates. 

To  effect  the  combination  of  baiytes  and  strontites 
with  the  hyper-oxygenized  acid,  those  bases  must  be  dis- 
solved in  hot  water,  which  must  be  kept  hot  while  the 
current  of  gas  is  transmitted  through  the  solution.  Ltmie 
may  also  be  combined  with  the  oxygenized  acid,  and 
must,  to  this  end,  be  kept  suspended  by  mechanical 
means.  This  compound  derives  importance  from  its  ap- 
plication to  the  art  of  bleaching  ;  for  it  possesses,  when 
perfectly  saturated,  bleaching  properties;  and  in  this 
state  produces  whiteness  in  the  unbleached  part  of 
goods,  without  destroying  any  delicate  colours  which 
diey  may  contain.  The  salt,  with  base  of  lime,  is  ex- 
tremely deliquescent ;  liquefies  at  a  low  heat ;  and  is  so- 
luble in  alcohol.  It  proauces  much  cold  by  solution,  and 
a  sharp  taste  in  the  mouth.  ^ 

For  an  account  of  the  remaining  salts  formed  with  tMs 
acid,  Mr.  Chenevix's  paper  may  b^  consulted. 
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Nitro- Muriatic  AcU. 

This  acid  Is  a  compound  of  the   nitric  and  muriatic  1 
acids,  and  may  be  formed   by  mixing  two    pans  of  nittffr  V 
acid  with  one  of  muriatic,  and  by  several  other  processesj 
which  are  pointed   out  in  every-  elementary   book.     Its 
most  distinguishing  property,  that  of  dissolving  gold,  will 
be  described  hereafter.    . 

The  nitrO'inuriatic  acid  does  not  form,  with  alkahne, 
or  other  bases,  a  distinct  genus  of  salts,  entitled  to  th« 
name  of  nitro. muriates ;  for,  when  combined  with  an  alkali, 
or  an  earth,  the  solution  yields,  on  evaporation,  a  mixture 
of  a  muriate  and  a  nitrate  ;  and  metallic  bodies,  dissolv- 
ed  in  it,  yield  muriates  only.  In  the  latter  case,  the  ni- 
trie  aciil  is  decomposed,  oxydizes  the  metal,  and  renden 
it  soluble  in  muriatic  acid. 


CHAP.  XV. 


PnOSPHORUS, PHOSPHORIC    ACID, PHOSPHA 

SECT.  I. 

Phoaphnrus, 


1.  Phosphorus  is  an    inflammable  substance,   and  i 
known  by  the  following  cxt.mal  characters. 

(a)  It  has  generally  a  fiesh-red  colour,  but,  when  car^  I 
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fully  purified,  maybe  obtained  as  free  finom  colour,  and  as 
transparent,  as  meked  white  wax. 

(b)  It  is  so  soft  that  it  readily  yields  to  the  knife. 

(c)  It  melts  with  a  vtxy  gentle  heat.  To  show  this, 
it  must  be  covered  with  water,  to  prevent  it  from  inflam- 

ing* 

(d^  In  the  atmosphere  it  emits  a  white  smoke,  and 

peculiar  smell;  and  a  faint  and  beautiful  light  arises  from 

it. 

II.  Phosphorus  is  inBamed  by  the  applicadon  of  a 
very  gentk  heat.  According  to  Dr.  Uiggins,  a  tempera- 
ture oi  60^  is  sufficient  to  set  it  on  fire,  when  perfecdy 
dry.  It  bums  with  a  very  brilliant  lig^t,  a  white  smoke, 
and  a  suflTocaung  smell. 

1.  It  may  be  set  on  fire  by  friction.  Rub  a  very  small 
bit  between  two  pieces  of  brown  paper  ;  the  jiiosphorus 
wiU  inflaipe,  and  will  set  the  paper  on  fire  also. 

2.  In  oxygen  gas  it  bums  widi  a  very' beautiful  light ; 
and  also  in  nitrous  oxide,  and  in  oxygenized  muriatic 
acid. 

III.  Phosphorus  is  volatile  at  550^  Hence  it  may  be 
raised  by  distillation ;  but,  to  prevent  its  taking  fire  on 
the  application  of  heat,  the  retort  should  previously  be 
filled  with  azotic  or  hydaogea  gas,  and  the  mouth  of  the 
retort  be  immersed  in  water. 

To  accomplish  this,  the  quantity  of  phosphorus,  wluch 
it  is  intended  to  rectify,  should  first  be  put  into  the  re- 
tort, with  a  sufficient  portion  of  water  to  cover  it.  The 
water  must  then  be  made  hot  enough  to  melt  the  phos- 
phorus, which,  on  cooling,  forms  a  compact  mass,  of  the 
shape  of  the  bottom  of  the  retort.  When  cold,  fill  the 
retort,  and  its  neck  also^  with  water,  and  invert  it  in  wa^ 
ter.  Displace  the  water  by  hydrogen  gas,  forced  from  a 
Madder  mrough  a  bent  pipe ;  keep  the  finger  on  the 
open  end  of  the  retort  neck  ;  place  it  in  a  sand  bath ; 
and  inmierse  the  mouth  of  it  in  water.  Then  apply  heat 
very  cautiously.  A  bladder  should  also  be  provided,  fur- 
nished with  a  stop-cock  and  brass  pipe,  and  filled  with 
hydrogen  gas.  During  the  distillation,  the  gas,  in  the 
retort,  is  abMsrbed,  and  it  is  necessary  to  add  more  fix>m 
the  bladder,  otherwise  the  water  will  rush  into  the  retort, 
and  occasion  an  explosion.  By  distillation,  in  thb  mode, 
phosphorus  is  rendered  much  purer. 
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IV.  Phosphorus  may  be  oxygenized  in  various  modes-f  I 

(a)  By  mtre  exposure  to  atmospheric  air.     Let  a  stick  | 
of  phosphorus  be   placed  in  a  tunnel,  the  jitpe  of  which  I 
terminates  in  an  empty  bottle.     The  phosphorus  will  be  J 
slowly  oxygenized,  and,  alter  some  timr,  will  be  wholly 
changed  into  an  acid,  which  will  fall  into  the  bottle  in  a 
liquid  state. 

A  large  quantity  of  acid  may  be  obtained,  if  a  number 
of  sticks  he  thus  exposed  ;  and  as  they  would  be  in  dan- 
ger of  taking  fire,  if  heaped  together,  each  stick  should 
be  inclosed  m  a  glass  tube,  of  mthtr  larger  diameter  than 
itself.  These  lubes  must  be  disjx>sed  round  a  funnel,  the 
pipe  of  which  terminates  in  a  boule.  1  he  whole  should 
be  covered  by  a  bell-shaped  receiver,  the  air  of  which 
is  to  be  frequently  changed.  The  acid  thus  obt^ned  is 
termed  the  Pboapltoroua  Acid. 

{h)  By  combustion  in  oxygen  gas,  or  in  atmospheric  atr. 
When  burnt  in  this  manner,  every  hundred  parts  of  phos- 
phorus, according  to  Lavoisier,  gain  an  addition  of  1J4, 
See  the  account  of  this  expenmcni  in  the  5th  chapter  of 
his  Elements. 

(r)  By  the  nitric  acid.  If  phosphorus  be  cautiously 
adtletl,  by  litUe  at  once,  to  nitric  acid,  heated  in  a  ma- 
trass,  the  nitric  acid  is  decomposed,  and  its  oxygen,  unit- 
ing with  the  phosphorus,  constitutes  phosphoric  aiid. 

A  tubulated  retort  must  be  used  for  this  purpose  ;  and  . 
its  neck  may  terminate  in  the  apparatus  already  describ>tJ 
ed  for  procuring  nitric  acid.  By  this  contrivance  i 
siderable  quantity  of  acid  will  be  saved. 

[d)  A  similar  effect  is  produced  by  oxygenized  muria- 
tic acid  in  a  hquid  state.  The  operation  of  this  acid,  in 
a  gaseous  form,  has  already  been  described. 

Accordingly  as  the  phosphoric  acid  is  differenUy  pre- 
pared, its  degree  of  oxygenation  differs,  and  its  proper- 
ties are  found  to  vary  proportionably. 

The  phosphorous  acid  exhales  a  disagreeable  and  fetid 
odour  i  and,  when  heated,  yields  penetrating  white  va> 
pours.  When  heated  in  a  glass-ball,  blown  at  the  end 
of  a  small  tube,  a  gas  issues  from  the  orilice  of  the  tube, 
which  takes  fire  on  coming  into  contact  with  the  : 

f  On  ihc  otidei  of  phoiphonis,  mc  Nkh.  Jouin.  vL  tjj. 
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sphere*  Hence  it  appears  to  conuun  an  excess  of  phos* 
pboros*  The  residuum,  after  being  thus  heated,  is  phos- 
phoric acid. 


SECT.  II. 


Phosphoric  Acid. 


I.  To  prepare  this  acid,  the  process  &,  r,  or  ^,  Sec  1. 
may  be  employed ;  but  the  following  is  die  most  economi- 
cal method. 

On  20  pounds  of  bones,  calcined  to  whiteness  and  fine- 
ly  powdered,  pour  20  quarts  of  boiling  water,  and  add 
eight  pounds  of  sulphuric  acid,  diluted  with  an  equal 
weight  of  water.  Let  these  materials  be  well  stirred  to- 
gether, and  be  kept  in  mixture  about  24  hours.  Let  the 
whole  mass  be  next  put  into  a  conical  bag  of  sufficiendy 
porous  and  strong  linen,  in  order  to  separate  the  clear  li- 
quor, and  let  it  be  vrashed  with  water  till  the  water  ceases 
to  have  much  acidity  to  the  taste.  Evaporate  the  stnun- 
ed  liquor  in  earthen  vessels,  placed  in  a  sand-heat,  and^ 
when  reduced  to  about  half  its  bulk,  let  it  cool.  A  white 
sediment  will  form  in  tonsiderable  quanuty,  which  must 
be  allowed  to  subside  ;  the  clear  solution  must  be  decant- 
ed, and  boiled  to  drjmess  in  a  glass  vesseL  A  white  mass 
will  remain,  which  is  the  dry  phosphoric  acid.  This  may 
be  fused  in  a  crucible,  and  poured  out  on  a  clean  com)er 
cUsh.  A  transparent  glass  is  obtained,  which  is  the  pnos* 
phoric  acid  in  a  glacial  state;  not,  however,  perlecdy 
pure,  but  containing  sulphate  and  phosphate  of  lime.-~- 
According  to  Fourcroy  and  Vauquelin,  it  is,  in  fact,  a 
super-phosphate  of  lime,  containing,  in  100  parts,  only 
30  of  uncombined  phosphoric  acid,  and  70  of  neutral 
phosphate  of  lime. 

To  procure  the  phosphoric  acid  perfectly  pure,  the 
oxygenation  of  phosphorus  by  nitric  acid,  is  the  most 
eligible  process,  (c.  of  the  preceding  article.)  The  un- 
decomposed  nitric  acid  must  be  separated  by  distillation  in 
a  glass  retort,  and  the  dry  nsass,  when  &3ed,  affords  al^ 
glacial  phosphoric  acid. 

Bb 
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II.  The  phosphoric  acid  has  the  following  properticfli* 

(a)  When  pure  it  dissolves  readily  in  water.     That  ob-  ^ 
tained  immediately  from  bones  is  rendered'  insoluble  byn 
the  admixture  of  carthj'  salta.     But  the  glacial  acid,  pre- 
pared with  nitric  acid,  is  readily  soluble. 

(b)  It  is  not  volatile,  nor  capable  of  being  decompos- 
ed by  heat  only,  nor  does  it  emit  any  smell  when  heat- 
ed. 

((■)  When  distilled  in  an  earthen  retort  with  powdered 
charcoal,  it  is  decomposed;  its  oxygen,  uniting  with  the 
carbon,  forms  carbonic  acid,  and  the  phosphorus  rises  in 
a  separate  state.  This  is  the  usual  and  beet  mode  of  ob- 
taining phosphorus. 

The  phosphoric  acid  may  either  be  employed  for  this 
purpose  in  the  slate  of  glass,  finely  powdered,  and  mixed 
with  its  weight  of  pulverized  charcoal ;  or  to  the  evaporated 
acid  of  bones,  when  acquiring  a  thick  consistence,  pow- 
dered charcoal  may  be  added,  in  sufHcient  quantity,  to  give 
it  solidity.  In  the  latter  mode,  however,  the  materials 
are  apt  to  swell,  and  to  boil  over.  The  mixture  of  acid 
and  charcoal  is  ihea  to  be  put  into  a  stoneware  retort, 
coated  with  Willis's  lute,  and  the  neck  of  which  is  leng^ 
ened  out  by  a  tin  pipe.  The  open  end  of  the  pipe  is  to  bv  I 
immersed  in  a  vessel  of  water.  The  heat  is  to  be  slowljf*  I 
raised,  and  at  length  made  very  intense.  An  enormous 
quantity  of  gas  escapes,  which  takes  firi^  on  coming  into 
contact  with  the  atmosphere  ;  and  the  phosphorus  distils 
over  in  drops,  which  congeal  in  the  water.  As  it  is  apt 
also  to  condense  in,  and  to  stop  up,  the  neck  of  the  retort 
and  tin-pipe,  it  must  be  occasionally  melted  out  of  these, 
by  a  shovel  full  of  hot  cinders,  held  under  them.  The 
process  is  tBther  a  difficult  one  ;  anil  though  it  is  proper 
that  the  student  should  repeat  it  once,  in  order  to  com-. 
pUte  a  course  of  experiments,  it  will  be  found  more  eco- 
nomical to  purchase,  from  the  London  preparers,  the  phos- 
phorus which  may  be  required  for  experiments. 

Phfvsphorus  may  also  be  procured,  by  adding  to  u 
a  solution  of  lead  in  nitric  acid,  which  precipitates  afl 
pliosphate  of  lead.  This,  when  well  washed,  dried,  an  ' 
distilled  in  a  stoneware  retort,  yields  phosphorus,  (at 
Crell's  Journal,  Transl.  lii.  36.):  or  a  solution  of  phosphal 
of  soda  (which  may  be  bought  at  the  druggists),  mixci 
with  one  of  acetitc  of  lead,  in  the  proportion  of  one  pu% 


of  the  fidrmer  sak  to  1|  of  the  latter,  vields  a  precipitate 
of  pho6phate  of  kad,  fro^^  i^^h  phosphorus  may  be 
procured  by  distillation* 


SECT.  III.  ^ 

With  alkaliae  and  eardiy  base^,  the  phosphoric  add 
composea  a  cbm  of  salts  called  Phosphates,  which  have 
the  following  generic  characters. 

1.  When  heated  with  charcpal,.  they  are  not  decom- 
posed, nor  is  phosphorus  obtamed. 

2.  They  melt,  before  the  Uow-pipe,  into  a  hard  glo- 
bule, sometimes  transparent,  at  others  opake. 

3.  They  are  soluble  in  nitric  and  muriatic  acids,  with- 
out efibrvescence,  and  arc  precipitated  from  those  acids 
by  lime-water,  and  pure  ammonia. 

'  4.  They  are  decomposed,  in  part,  by  sulphuric  acid, 
and  yield  a  liquor  which,  on  evaporation  and  distillation 
wjA  charcoal,  afibrds  phosphorus. 

The  phosphate  of  soda  is  the  only  one  of  these  salts 
srhicb  has  any  important  use*  It  has  been  introduced 
into  medicine,  by  Dr.  Pearson,  as  a  purgative,  dbe  pur> 
poses  of  whidti  it  answers,  unaccompanied  by  any  nause^ 
ous  taste.  The  phosphate  of  lime,  besides  being  found 
in  the  earth  in  a  mineral  form,  constitutes  a  large  part  of 
the  solid  matter  of  animal  bones. 

As  an  enumeration  of  these  salts  can  scarcely  be  inter* 
eating  to  the  general  student,  and  as  the  properties  .of 
the  various  salts,  already  described,  fiimish  abundant  dis- 
criminating characters  of  the  different  alkalies  and 
earths,  I  deem  it  sufficient  to  refer,  for  a  detmled  account 
of  them,  to  Dr.  Thomson's  elements,  or  La  Grange's  Ma* 
nuaL 
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CBAP.   XV. 


□  their  character**! 


The  phosphites  differ  considcr^Iy  i 
from  phosphates. 

1.  They  exhale  a  smell  of  phosphorus. 

2.  When  heated,  they  emit  a  phosphorescent  flame. 

3.  DistiQed  in  a  strotig  heat,  dicy  yield  a  litde  pho»-J 
phorus,  and  are  converted  into  phosphates. 

4.  They   detonate,  when  heated  with  oxy-muriate   ' 
potash. 

5.  They  are  changed  into  phosphates  by  nitric,  and  b 
oxygenized  muriatic  acid. 


SECT.  V. 

Binary  Compounds  of  Phosphorus. 

Art.  I.  Phosphorus  combines  with  sulphur,  and  ac- 
quires a  considerable  addition  to  its  inflammability.  The 
combination  may  be  effected,  either  bv  fusing  them  in  a 
close  glass  vessel,  or  under  water.  In  either  mode,  how- 
ever, the  process  is  too  hazardous  to  be  attempted  by  an 
inexperienced  chcmist.f 

Art.  II.  Phosphorus  combines  with  the  pure  fixed  al- 
kalies, and  with  earths,  and  composes  the  class  of  phos- 
phurets.  That  of  lime  is  the  most  readily  formed,  and 
exhibits,  extremely  well,  the  properties  of  these  cxim- 
pounds.     It  is  prepared  as  follows : 

Take  a  glass  tube,  about  12  inches  long  and  l-3d  of  an 
inch  diameter,  sealed  hermetically  at  one  end.  Let  this 
tube  be  coated  with  clay,  except  within  about  half  an 
inch  of  the  sealed  end.  Put  first  into  it  a  drachm  or  two 
of  phosphorus,  cut  into  small  pieces,  and  then  fill  the 
tube  with  small  bits  of  fresh  burnt  lime,  of  the  size  of 
split  peas.     Stop  the  mouth  of  the   tube  loosely  with  a 

Ml, 
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little  paper,  in  order  to  prevent  the  free  access  of  air. — 
Next,  heat  to  redness  that  part  of  the  tube  which  is  coat- 
ed with  clay,  by  means  of  a  chafing-dish  of  red-hot  char- 
coal ;  and,  when  the  lime  may  be  supposed  to  be  ignited, 
apply  heat  to  the  part  containing  the  phosphorus,  so  as 
to  sublime  it,  and  to  bring  the  vapour  of  it  into  contact 
with  the  heated  lime.  The  lime  and  phosphorus  will 
unite,  and  will  afford  a  compound  of  a  reddish-brown  co- 
lour. 

If  the  carbonate  of  lime  be  substituted  for  pure  lime, 
the  carbonic  acid  is  decomposed.  Its  carbon  is  set  at  li- 
berty, and  appears  in  the  state  of  charcoal ;  while  its  oxy- 
gen unites  with  the  phosphorus  ;  and  the  phosphoric  acid, 
thus  produced,  forms  phosphate  of  lime«  In  this  expe- 
riment, carbonic  acid  is  decomposed  by  the  conspinng 
afiinities  of  phosphorus  for  oxygtn,  and  of  lime  for  phos- 
phoric acid,  though  the  former  affinity  only  would  be  in- 
adequate to  produce  the  effect. 

The  phosphuret  of  lime  has  the  remarkable  property 
of  decomposing  water  at  the  common  temperature  of  the 
atmosphere.  Drop  a  small  piece  of  it  into  a  wine-glass 
of  water,  and  in  a  short  time  bubbles  of  phosphuretted 
hydrogen  gas  will  be  produced  ;  which,  rising  to  the  sur- 
face, will  take  fire,  and  explode.  If  the  phosphuret  of 
lime  be  not  perfectly  fresh,  it  may  be  proper  to  warm  the 
¥Fater  to  ¥rhich  it  is  added. 

Into  an  ale-glass  put  one  part  of  phosphuret  of  lime, 
in  pieces  about  the  size  of  a  pea  (not  in  powder,)  and  add 
to  it  half  a  part  of  hyper-oxygenized  muriate  of  potash. 
Fill  the  glass  with  water,  and  put  into  it  a  funnel,  with  a 
kmg  pipe,  or  narrow  glass-tube,  reaching  to  the  bottom. 
Through  this  pour  three  or  four  parts  of  strong  sulphu- 
ric acid,  which  will  decompose  the  hyper-oxygenized  salt ; 
and  the  phosphuret  also  decomposing  the  water  at  the 
same  time,  flashes  of  fire  dart  from  the  surface  of  the 
fluid,  and  the  bottom  of  the  vessel  is  illuminated  by  a 
beautiful  green  light,  (Davy.) 

Another  combination  of  phosphorus,  the  properties  of 
which  render  it  a  fit  subject  of  amusing  experiments,  is 
the  phosphuretted  hydrogen  gas. 
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Art.  Ill — Phonphurelted  Bydrogcn  Gas. 


I.  This  gas  may  be  procured,  by  boiling,  in  a  retort,  a 
little  phosphorus  with  a  solution  of  pure  potash.  The 
water  is  decomposed  (  its  oxygen,  uniting  with  the  phoa> 
phorus.  forms  phosphoric  acid,  which  combines  with  the 
alkali,  while  the  hydrogen  dissolves  another  portion  of 
phosphorus,  constituting  phosphuretted  hydrogen  gae. — 
This  gas  may  also  be  obtained,  by  putting  into  five  parts  of 
water  half  a  part  of  phosphorus,  cut  into  very  snuill  pieces, 
with  one  of  finely  granulated  zinc,  and  adding  three  parts 
of  strong  sulphuric  acid.  This  afTorda  a  pretty  experi- 
ment. The  gas  is  disengaged  in  small  bubbles,  which 
cover  the  whole  surface  of  the  fluid,  and  take  fire  on 
reaching  the  air  ;  these  are  succeeded  by  others,  and  a 
well  of  fire  is  produced.     (Davy.) 

In  preparing  this  gas,  the  body  of  the  retort  should  be 
filled,  as  nearl>'  as  possible,  with  the  alkaline  aotuiion  ;f 
otherwise  the  gas,  when  producad,  will  inflame  and  di- 
minish the  air  within  the  retort,  and  the  water  will  ascend 
from  the  trough.  This  accident  may  be  elFectually  pre- 
vented, by  previously  filling  the  retort  with  hydrogen 
gas. 

II.  The  properties  of  this  gas  are  the  following  : 

(a)  It  takes  fire  immediately  on  coming  into  contact 
wiUi  the  air.  This  may  be  shown  by  letUng  it  escape  ii^ 
to  the  air,  as  it  issues  from  the  retort,  when  a  very  beau- 
tiful appearance  will  ensue.  A  circular  dense  white  smoke 
rises  in  the  form  of  a  horizontal  ring,  which  enlarges  its 
diameter  as  it  ascends,  and  forms  a  kind  of  cc 

{b)  When  mixed  suddenly  with  oxygen  gas  it  deto- 
nates. 

Tliis  experiment   ^ould    be   made    cautiously  and 
small  quantit) . 

(c)  The  same  phenomenon  ensues  on  mixing  it 
oxygenized  muriatic  acid  gas,  or  with  nitrous  oxide. 

t  The  phosphorus  ihould  GrK  bt  mcllcd,  under  walcr,  in  ihe  i 
which  ii  la  be  emptied  when  the  photphorut  hu  connaled,  and  then 
cntireU  filled  by  [he  alkaline  eoIulioD.  Of  this,  a  luffieieni  portion  i>  to 
be  diipiacol  bf  hjrdrogeu  gu,  forced  through  «  bent  pipe  from  i  bladder. 
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When  mingled  with  any  of  these  gases,  it  should  be 
passed  up  by  not  more  than  a  bubble  or  two  at  once. 

(if)  Sulphurous  acid  and  phosphuretted  hydrogen 
gases,  when  mingled  together,  mutually  decompose  each 
other; 

Je)  It  deposits  phosphorus,  by  standing,  on  the  inner 
bee  of  the  receiver,  and  loses  its  property  of  sponta» 
neous  ascension. 

Phosphorus  b  also  soluble,  in  oih^.  and,  when  thus  dis- 
solved^  forms  what  has  been  called  liquid  phosphorus, 
which  miqr  be  rubbed  on  the  face  and  hands  without  in* 
jiwy*  It  dlstolvcs  too  in  ether,  and  a  verv  beautiful  ex* 
periment  cootistB  in  pouring  this  phosphoric  ether  in 
small  pcMTttOBs,  and  in  a  dariL-place,  on  the  surfiioe  of  hot 
w«ter. 

The  phosphoric  fnatches  consist  of  phosphorus  extreme* 
ly  diy,  minutely  divided,  and  perhaps  a  little  oxygenized* 
-*-Tiie  simplest  mode  of  making  them  is  to  put  a  little 
phosphorus,  dried  by  blotting  paper,  into  a  small  phial; 
neat  the  phial,  and  when  die  j^osphonis  is  melted,  turn 
it  round,  so  that  the  phosphorus  may  a^ere  to  the. sides. 
Cork  the  phial  closely,  and  it  is  prepared.  On  putting  a 
oenmon  sulphur*mjUch  into  the  bottle,  and  stirring  it 
about,  the  ptiosphorus  will  adhere  to  the  naatch,  and  will 
take  fire  when  brought  out  into  the  air. 

A  oorrespoadent  in  Nicholson's  Journal  (u.  137)  pro- 
poses to  effect  the  oxydation  of  phosphorus,  by  exposing 
lOQ  grains  to  half  a  pint  of  oxymuriatic  acid  gas.  The 
vessel  must  afterwards  be  well  corked  up.  On  applying 
a  sulphur-match  to  the  oxygenized  phosphorus,  it  is  ioi* 
timed,  -as  in  the  fi>regoiag  example. 
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1.  To  a  solution  of  borax,  in  boiling  water,  add 
it3  weight  of  sulphuric  acid,  previously  diluted  with  an 
equal  quantity  of  water.  Evaporate  the  solution  a  little; 
and,  on  cooling,  shining  scaly  crystals  will  appear,  which 
consist  of  boracic  acid.  Let  them  be  well  washed  with 
distilled  water,  and  dried  an  filtering  paper. 

2.  Let  any  quantity  of  borax  be  put  into  a  retort,  with 
halt  its  weight  of  sulphuric  acid,  and  half  its  weight  of 
water,  lloracic  acid  may  be  obtained  bj-  distillation,  and 
may  be  purified,  by  washing  in  water,  &c.  as  before. 

II.   Borjcic  aci'i  has  the  following  qualities. 

1.  It  has  a  solid  form,  is  destitute  of  smell,  aud  nearijT 
so  of  taste.  « 

2.  It  Fuses,  when  heated,  and  loses  its  water  of  crystal* 
lization.  If  the  heat  be  intrcased  suddenly,  before  it  has 
lost  its  water  of  crystallization,  it  sublimes  j  but,  other- 
wise, it  melts  into  a  glass,  whieh  is  permanent  in  the 
strongest  fire. 

3.  It  is  soluble  in  twelve  parts  of  cold  water,  and 
three  or  four  of  lioiling  water. 

4.  This  solution  reddens  vegetable  blue  colours,  and 
effervesces  with  alkaline  carbonates. 

5.  It  is  soluble  in  alcohol,  and  the  solution  bums  with 
a  beautiful  green  flame. 

6.  It  combines  with  alkalies  and  earths ;  but  the  only 
important  combination  which  it  forms  is  with  soda.  This 
compound  is  found  native  in  India,  and  is  brought  to 
this  country,  under  the  name  of  tincal,  or  brute  borax, 
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whkh,  wheffx  purified,  aflfords  die  bdra^  of  tKe  shops.  In 
the  bofhtHJB  of  sodsf,  the  alkaline  IngrediieM  is  in  excead, 
atid  hence  the  sak  odfyvefts  vegetable  bine  colours  to 
l^eri.    It  is  therefore,  in  strictbess,  a  sub-borate. 

Sub-borate  of  soda  crystattizes  in  prisms  with  six  irre- 
g;ular  sides.  It  eflkiresces  in  the  air.  It  fuses  when  i^ 
utted ;  loses  its  water  of  crystallization  ^  and  leaves  a 
l^ass,  which  b  transparent  when  cold,  and  which  is  6f 
great  use  in  experiments  with  the  blow-pipe.  The  sak 
dissolves  in  12  parts  of  cokl  water,  or  in  six  of  boiling 
waaet.  I<  is  susceptible  of  condbinauon,  by  fuision,  with 
«lex  and  widv  aluOMfe ;  and  hence  is  employed  in  making 
anmcMi  gems. 

For  a  description  of  die  remaining  b6rate6,  I  refer  to 
the  3d  vol.  of  ThomsoB^s  Eletfietits,  or  the  1st  voL  of  La 
Grange. 
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I.  The  fluoric  acid  may  be  obtained  from  a  substance 
found  abundandy  in  Derbyshire,  under  the  name  of  fiuor 
spar.  In  converting  this  spar  to  ornamental  purpiDses, 
small  pieces  are  broken  oif,  which  may  be  had  at  a  cheap 
rate. 

The  fluoric  acid  may  be  separated  from  this  combina- 
tion, in  the  form  of  gaSy  by  adding,  to  the  powdered  spar, 
in  a  block  tin  or  leaden  gas-bottle,  half  its  weieht  of  con- 
centrated sulphuric  acid.  The  gas,  which  is  disengaged, 
may  be  conducted,  by  a  bent  glass  tube,  to  the  mercu- 
rial trough.  The  receivers  employed  should  be  previ- 
ously coated  with  wax,  by  making  them  hot  enough  in 
an  oven  to  melt  diat  substance,  and  then  allowing  the 
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wax  to  ruD  in  tusion  over  theirwhole  inner  surface.  This 
gas,  in  its  properties,  bears  a  considerable  resemblance  to 
muriauc  acid  gas.  It  has  somewhat  of  a  similar  smell ; 
produces  a  white  smoke  in  the  atmosphere ;  and  is  rapid- 
ly absorbed  by  water  and  by  ice.  It  has  the  remarkable 
property  of  corroding  glass.  This  may  be  observed  by 
passing  up,  into  a  jar  tilled  with  it,  a  small  slip  of  glass, 
which  will  be  considerably  acted  on.  If  partially  ap- 
plied, by  covering  the  glass  with  a  cement  of  wax  and 
resin,  and  removing  it  in  part  only,  the  gas  may  be  em- 
ployed for  writing  or  engraving  on  ^asa ;  and  its  appli- 
cation to  this  purpose  has  been  proposed  as  an  import* 
ant  improvement  in  the  art  of  engraving,  by  Profeasw" 
Wilson  of  Glasgow.     (Nich.  Jouni.  4to,  II.  60.) 

I'he  fluoric  acid  may  ulso  be  obtained  in  a  liquid  Hale, 
by  using  a  leaden  retort  and  le.iden  receiver.  An  inge- 
nious apparatus,  invented  for  this  purpose  by  Mr.  Kni^t, 
is  described  and  figured  in  the  17th  vol.  of  the  Philoso- 
phical Magazine. 

The  liquid  acid  muM  be  preserved  tn  leaden  bottles,  as 
it  soon  corrodes  and  penetrates  glass  ones.  In  this  state 
of  watery  solution,  it  readily  combines  with  alkalies,  and 
forms  soluble  compounds.  Its  combinations  with  the 
eard)s  are  for  the  most  part  highly  insoluble.  The  flu- 
ates  have  no  properties  that  can  render  them  interesting 
to  the  student,  except  the  use  of  the  alkaline  ones  as 
tests,  which  will  be  described  in  a  siJisequent  part  of  the 
work. 
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OF   HETALS. 


SECT.  L 


Of  MetaU  in  generaL 


I.  The  metab  are  dbtinguished  by  the  following  cha- 
racters :  Thev  are  perfectly  opake ;  have  a  kind  of  lustre 
peculiar  to  themselves  ;  are  insoluble  in  water ;  are  fii- 
siUe  ;  have  a  specific  gravity  superior  to  that  of  any 
other  sinmle  body,  none.of  tton  being  less  than  six  time^ 
heavier  ttian  water;  and  are  all  conductors  of*  electri- 
city. In  the  present  state  of  science,  they  are  simple  bo- 
dies, or  have  not  been  reduced  into  more  elementary 
principles.  Some  of  them  have  the  property  of  being  ex- 
tended under  the  hammer,  or  are  maUeabk ;  and  many 
of  them  may  be  drawn  into  wire,  or  are  ductile*  Other 
metals  have  neither  of  these  properties.  ^ 

IL  The  metals  at  present  known  amount  to  28 ;  viz^ 
1.  Gold ;  2.  Platina;  3.  Silver ;  4.  Mercury ;  5.  Rhodium ; 
6.  Palladium ;  7.  Iridium  ;  8.  Osmium ;  9.  Copper ;  10^ 
Iron  ;  11.  Nickel;  12.  Tin  ;  13.  Lead;  14.  Zinc  ;  15.  Bis- 
muth; 16.  Antimony;  17.  Tellurium  ;  18.  Arsenic  ;  19. 
Cobalt ;  20.  Manganese  ;  21.  Chrome ;  22.  Molybdena ; 
23.  Uranium ;  24.  Tungsten  ;  25.  Titanium  ;  26.  Colum- 
bium;  27.  Tantalium ;  28.  Cerium. 

IIL  The  most  important  property,  common  to  the 
whole  class  of  metals,  is  their  susceptibility  of  union  widi 
oxygen.    The  phenomena  and  results,  however,  of  the ' 
oxydizement  of  different  metals  vary  considerably. 

1.  Some  metals  arc  oxydized  merely  by  exposure  to 
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atmospherical  air,  at  the  ordinary  temperature, 
are  arsenic  and  manganese. 

2.  Other  raelals  undergo  this  change  by  exposure  to 
air,  but  not  without  a  considerable  increase  of  their  tem- 
perature. Iron,  zinc,  copper,  tin,  Etc.  for  example,  wh^i 
made  red-hot,  lose  their  metallic  brilliancy,  and  are  con* 
verted  into  oxides  of  different  colours.  In  aome  instan. 
CCS,  this  process  is  accompanied  by  so  copious  an  extri- 
cation of  light  and  heat,  as  to  exhibit  a  true  combustion 
or  inflammation.  Arsenic  and  zinc,  for  example,  burn  in 
a  high  temperature  with  a  brilliant  flame.  Copper,  lead 
and  various  other  metals,  are  slowly  oxydized  under  simi- 
lar circumstances,  and  without  any  appearance  of  com- 
bustion. 

3.  Other  metals  are  not  oxydized,  even  by  the  combi- 
ned operation  of  air  and  of  an  increased  temperature; 
such  are  gold  and  platina.  By  a  powerful  discharge 
through  them,  from  an  electrical  or  gaU'anic  battery, 
these  metals  have  their  affinity  of  aggregation  so  far  over- 
come, as  to  combine  readily  with  oxygen.  Thus  a  wira 
of  gold,  silver,  or  platina,  ts  volatihzed  by  the  disdiarge 
of  an  electrical  battery :  and  the  meUd,  in  this  state,  is 
oxydized  by  the  air  of  the  atmosphere.  The  same  men 
tals  also,  and  various  others,  beat  into  I'ery  thin  leaves;  i 
bum  with  great  brilliancy,  and  M'jth  difl'erently  coloured 
flames,  by  transmitting  through  them  the  discharge  from 

a  powerful  galvanic  combination. 

4.  All  metuls,  that  are  ox)'dizcd  by  the  combined  ope- 
ration of  heat  and  atmospherical  air,  undergo  the  same 
change,  much  more  speedily  and  remarkably  in  oxygen 
gas.  Iron  wire,  when  heated  to  ignition  in  the  air,  is 
slowly  oxydized  ;  but  in  ox\  gen  gas,  it  ijurns  with  con- 
siderable splendour. 

5.  Some  metals  are  oxidized  by  water,  both  at  the  or- 
dinary temperature  of  the  air,  and  in  hl^  temperatures. 
I'hus  iron  Rlings,  moistened  with  water,  become  oxydiz- 
ed, in  consequence  of  its  decomposition ;  and  the  va- 
pour of  water,  passed  over  red-hot  iron,  is  rapidiv  decom- 
posed, the  iron  gaining  28  per  cent,  ot"  oxygen.  Other 
metals,  as  gold,  silver,  &c.  arc  not  oxydized  by  water  in 
any  temperature. 

6.  All  metals,  in   conseciuence  of   oxidation,  r 
weight.     I'his  may  be  shown  by  keeping  a  given  v 
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of  iimi-wilt  itd-lioCi  for  some  time,  in  the  bowl  of  t 
conunon  tobacco-pipe,  taking  care  that  dust  or  ashes  do 
not  iidl  into  it. 

7«  Mttak,  that  do  not  attract  oxygen,  either  firom  at^ 
moapherical  air,  from  oxygen  gas^  or  from  water,  are 
still  csjpable  of  separating  that  principle  from  certain  of 
the  acids;  and  the  easily  oxydizable  metak  effect  the 
same  deoompositioa  of  acids  with  much  greater  facility. 
In  thus  communicatmg  oxygen  to  the  metals,  those  acids 
are  the  most  eflkient,  in  which  the  oxygen  is  retained 
only  hy  a  feeble  affimty.  For  example,  concentrated 
sulphuric  add,  at  the  temperature  of  the  atmosphere, 
aesSncely  acts  on. any  one  of  the  metab  ;  because  the  sul- 
phur, which  constitutes  its  base,  strongly  attracts  and  re« 
•tiuna  the  acidifying  principle.  Muriatic  acid,  in  a  ga« 
seoua  state,  is  fldll  more  inert ;  for  it  is  incapable  of  im- 
parting, and  indeed  has  not  been  proved  to  contsun,  oxy- 
gen. On  the  other  hand,  nitric,  nitro-muriatic,  and  oxy- 
genized niuriatic  acids,  readBy  abandon  part  of  theti* 
ox3rgen,  and  act  on  metals  with  considerable  enei^ 
The  dilution  of  sulphuric  and  muriatic  acids  with  water, 
also,  renders  them  capaUe  of  oxydizing  metals  ;  for,  in 
this  case,  water  is  decomposed,  as  is  evinced  by  the  es- 
cape of  hydrogen  gas. 

8.  The  oigrdizement  of  a  metal  alwavs  precedes  its  so- 
lution ;  and  no  one  metal  is  capaUe  of  uniting,  when  in 
a  perfectly  metallic  state,  with  any  acid.  It  must  either 
be  oxydtzed  by  the  add,  or  brought  into  contact  with 
the  acid  already  comUned  with  oxygen.  Hence  the  ox- 
ides of  certain  metab  (Ussolve  resdily  in  some  acids, 
which  do  not  at  all  act  on  the  respective  metals  them^ 
selves.  Gold, ,  for  instance,  is  unchanged  by  muriatic 
acid  ;  but  with  this  acid  its  oxide  easily  unites. 

9.  The  phenomena  of  die  solution  of  a  metal,  and  those 
attending  the  solution  of  its  oxide,  are  essentially  diflfe- 
rent.  For  the  most  part,  the  action  of  an  acid  on  a  me- 
tal is  accompamed  with  the  appearance  termed  efferves- 
cence, which  always  arises  from  the  escape  of  a  gstt. 
Thus,  when  nitric  acid  acts  cm  iron,  the  metal  acquires 
oxygen  at  the  expence  of  the  acid,  which  is  thus  chan- 
ged into  nitrous  gas.  The  same  metal,  added  to  diluted 
sulphuric  add,  decomposes  water ;  and  an  effervescence 
rs  produced  by  the  escafmig  hydn^n  gas.     But  d»e  ox- 
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ides  of  metals  dissolve  silently,  andwilhaut  effervescence; 
as  ma]  be  seen  by  odding  the  red  oxide  of  iron  to  nitric  'i 
i)T  sulphuric  acid.     In  this  case,  the  metal,  being  a1ready>^ 
combined  with  oxygen,  has  no  tendency  to  decompose  th*  I 
acids. 

10.  The  same  metal  is  capable  of  uniting  with  various  ' 
quantities  of  oxygen  ;  and  its  oxides  differ,  both  in  extei^  I 
nal  and  chemical  characters,  according  to  their  degrei 
of  oxydizcmcnt.  Thus  iron,  combined  with  28  per  cent, 
of  oxygen,  gives  s  black  oxide,  with  48,  a  red  one.  Man- 
ganese, united  with  one-fifth  of  oxygen,  afTords  a  white 
oxide;  with  one-fbunh,  a  red  one;  and  with  two-Kfths, 
one  of  a  deep  blaclc  colour.  The  larger  the  proportion 
of  oxygen  in  these  compounds,  the  more  feeble  the  affi- 
nity b\'  which  it  is  retained.  The  black  oxide  cif  manga- 
nese, for  example,  submitted  alone  to  the  action  of  a  high 
temperature,  readily  abandons  10  or  12  per  cent,  of  toe 
40  parts  of  oxygen  with  which  the  metid  is  combined  j 
but  no  degree  of  heat  is  capable  of  separating  the  last  25 
or  2a 

11.  The  various  oxides  of  the  same  metal  form,  with  a 
given  acid,  very  different  compounds.  Iron,  for  exam- 
ple, oxydized  to  the  extent  of  only  27  per  cent,  affords, 
with  sulphuric,  nitric,  or  muriatic  acid,  a  green  salt,  in- 
soluble in  alcohol,  and  precipitated  at  first  of  a  white  co- 
lour by  prussiaie  of  potash.  Still  further  oxydized,  or  to 
the  extent  of  48  per  cent,  the  same  metal  forms  a  reddish 
s.-dt,  which  is  soluble  in  alcohol,  and  precipitated  by 
prussiate  of  potash  of  a  deep  blue  colour. 

12.  Metals  retain  oxygen  with  different  degrees  of 
force.  Some  oxides  (that  of  mercury  for  instance)  are 
reduced  to  a  metallic  state  by  heat  only  ;  but  others  (as 
that  of  iron)  require  the  addition  of  some  substance  that 
attracts  oxygen  more  strongly  than  the  metal  retains  it. 
Thus,  to  reduce  the  oxide  ol  iron,  charcoal  must  be  add- 
ed. 

The  gradation  in  the  affinities  of  metals  for  oxygCD, 
js  evinced  also  by  the  property  which  metals  possess,  of 
abstracting  oxygen,  under  certain  circumstances,  from 
each  other.  Thus  when  the  oxide  of  mercury  is  expo- 
sed to  heat,  in  contact  with  iron  filings,  the  iron  becomes  , 
nxydized,  and  the  mercury  re-appears  Jn  a  metallic 
On  the  same  principle,  when  glass,  which  contains  oxidii  1 
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of  lead,  is  fused  along  with  metallic  iron,  the  latter  metal 
attracts  osygen  from  the  former,  and  the  lead  is  again 
metalUzed.  This  separation  of  oxygen  from  a  metallic 
oude,  either  by  the  simfile  action  of  heat,  or  of  another 
combustible  body,  is  termed  the  revival  or  reduction  of  a 

metal* 

13.  From  their  solutions  in  acids,  me  tab  are  precipitat- 
ed by  alkalies  in  the  state  of  oxides ;  and  by  other  metals 
capable  of  producing  this  effect,  in  a  metallic  form.  Thus, 
if  to  a  solution  of  sulphate  of  copper,  pure  potash  be 
added,  a  blue  oxide  is  precipitated.  But  immerse  a  po- 
lished piece  oi  iron  in  the  same  solution,  and  the  copper 
will  be  separated  in  a  metallic  form,  covering  the  iron 
widi  a  coat  of  copper.  In  tlus  instance,  the  aflinity  of 
iron  for  oi^gen  is  superior  to  that  of  copper;  and  the 
latter  metu,  being  de-oxydized,  is  no  longer  soluble  in 
sulphuric  acid. 

14.  Some  of  the  metals  are  susceptible,  by  union  widi 
oxygen,  of  affording  both  oxides  and  an  acid;  or,  in 
other  words,  are  acidifiable.  Such  are  chrome,  arsenic, 
molybdena,  tungsten,  and  columbium.  These  acids 
are  capable  of  uniting  with  alkalis,  earths,  and  in  many 
instances  with  metallic  oxides,  and  of  forming  neutral 
salts. 

IV.  On  a  comparison  of  the  resemblances  among  metals, 
both  in  physical  and  in  chemical  properties,  various  ar- 
rangements of  these  bodies  have  been  founded.  They 
were  formerly  divided  into  noble  or  perfect^  and  6a5f  metals. 
The  noble  metals  are  not  oxydized  by  exposure  to  the 
combined  action  of  heat  and  air;  and  their  oxides,  when 
obtained  by  circuitous  processes,  or  found  native,  abandon 
their  oxygen,  when  heated  alone,  without  the  addition  of 
any  combustible  matter.  Under  this  description,  are  in- 
cluded gold,  platina,  silver,  palladium,  and,  according  to 
Richter  s  late  experiments,  nickel.  Mercury,  though  oxy- 
dized by  heat  and  air,  has  still  been  always  comprehend- 
ed under  the  same  order ;  because  its  oxides  are  revived 
when  htztitA  per  se.  All  the  remaining  metals  fall  under 
the  denomination  of  base  metals. 

Another  arrangement  of  metals  is  that  which  divides 
them  into  metak  or  entire  metals^  and  semi'metab;  and  the 
principle  of  this  arrangement  is  their  possessing  or  not  the 
quality  of  malleability.     Tlie  malleable  or  entire  metals  are 
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^Id,  silver,  plaiiiu,  p^ladhiin,  mercury  (when  JrozenX  1 
iron,  lead,  zinc,  copfKr,  tin.  and  nickel*.    The  aemi'mttida 
are,  bismuth,  antimony,  arsenic,  manganese,  cobalt,  mc«» 
lybdena,  and  all  that  follow  it  in  the  preceding  cnument- 
lion.     Of   these,   however,  several  have  been  hitherto  J 
procured  in  such  small  quantit)',  that  their  properties  atill.J 
remaio  to  be  examined.  '  I 

A  third  classihcation  is  that  of  Fourcroy,  who  divides^ 
the  metuls  into  five  orders.  I.  The  brittle  and  acidifiaUt 
iodudes  four  species,  vi?..  arsenic,  tungsten,  molybilena, 
and  chrome.  2.  The  brittle  arul  simply  oxydtxuble  are 
seven ;  titanium,  uranium,  cobalt,  nickel  (since  shewn  by 
Richtcr  not  to  belong  to  this  division)  manganese,  bi^ 
muth,  antimony,  and  tellurium.  3.  The  metals  that  arc 
oxydizabk  and  imperfectly  ductik,  are  mercury  and  zinc> 
4.  The  ductik  and  easily  oxydizable  tin,  lead,  iron,  atwi 
copper.  5.  The  very  ductile,  and  difficult  of  oxydizement^ 
are  silver,  gold,  and  platlna. 

The  most  recent  arrangement  is  that  of  Dr.  Thomson  ; 
and  this  classification  I  shall  adopt ;  as  it  appears  to  me 
to  be  the  best  that  has  been  contrived.  He  divides  the 
metals  into  four  classes.  The  1st  class  comprehends  the 
MALLEABLE  METALS,  wliich  are  14  in  number;  viz. gold, 
platina,  silver,  mercur}',  palladium,  rhodium,  iridium,  cop* 
per,  iron,  nickel,  tin,  lead,  and  zinc.  The  second  class 
includes  the  brittle  and  easily  fusedj  viz.  tuamuth^ 
antimony,  tellurium,  and  arsenic.  The  third,  metals  that 
are  brittle  and  difficultly  fused.  These  are  co- 
balt, manganese,  chrome,  molybdena,  uranium,  and  tun^ 
sten.  The  fourth  class  are  termed  refractory  metah, 
because  they  have  never  yet  been  exhibited  in  a  separ«te 
form,  but  always  in  combination  with  oxygen.  These 
arc  titanium,  columbium,  tantalium,  and  cerium. 

V.  Sulphur,  and  some  of  its  combinations,  are  capable  J 
of  uniting  with  metals  and  their  oxides. 

1.  All  the  metals,  excepting  gold,  and  perhaps  ttta 
nium,  may  be  combined  with  sulphur.  Oi'  th<:  remainder,' 
iron  and  copper  unite  with  sulphur  in  two  very  diflfcrent 
proportions)  in  the  one  forming  a  sulp/iuret;  and,  in  the 
other,  a  super-aulphuret. 
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2«  Three  of  the  metals,  when  oxydized,  are  capable  of 
uniting  with  sulphur,  viz*  tin,  zinc,  and  manganese.  These 
compounds  are  termed  sulphuretted  oxides. 

3.  Several  of  the  metallic  oxides  are  susceptible  of 
combination  with  sulphuretted  hydrogen;  and  compose 
hydrO'Stdphuretted  oxides.  These  are  produced,  when  a 
metallic  oxide  is  precipitated  from  its  solution  by  the 
hydro^ulphuret  of  ammonia  or  of  potash.  \i  has  not 
hitherto  been  ascertained,  whether  super*sulphuretted  hy- 
drogen can  be  united  with  metallic  oxides ;  for  the  na* 
ture  of  the  precipitates,  separated  from  metallic  solutions 
by  hydroguretted  sulphurets,  has  not  been  sufficiently  in- 
vestigated. 

VL  The  metals  have  an  affinity  for  phosphorus,  and 
combine  with  it,  forming  metallic  phosphurets.  The  most 
effectual  method  of  bringing  about  this  combination,  is  to 
heat  the  metals  in  contact  with  phosphoric  acid  and  char- 
coal. The  charcoal  deprives  the  acid  of  oxygen,  and  the 
phosphorus  then  unites  with  the  metal.  Those  metals 
that  are  easily  oxydized,  decompose  the  acid,  without  the 
addition  of  charcoal.  These  compounds  have  not  hither- 
to been  appUed  to  any  useful  purpose.  They  are  <  fully 
described  by  Pelletier,  in  the  1st  and  13th  volumes  of  the 
AnruUes  de  Chimie. 

VII.  The  compounds  of  metals  with  carbon  are  termed 
carburets.  That  of  iron  is  the  only  one  of  which  much  in 
known. 

VIII.  The  metals  are  for  the  most  part  capable  of  uni- 
ting with  each  other,  and  the  compounds  thus  formed  are 
termed  alloys.  Several  of  these  have  important  practical 
uses. 

IX.  The  metals  are  seldom  found  native,  and  require 
generally  to  be  separated  by  artificial  processes,  from  the 
substances  with  which  they  are  combined.  For  the  most 
part,  they  occur  in  the  state  of  oxides,  and  frequently  in 
union  with  sulphur  or  arsenic.  The  volatile  ingredients 
are  separated  by  long  exposure  to  a  low  red  heat,  which 
is  termed  roasting ;  and  they  are  deprived  of  oxygen  by 
charcoal,  or  substances  containing  it,  assisted  by  a  strong 
heat.  To  enable  the  particles  of  reduced  metal  to  ap- 
proach each  other,  and  cohere  into  a  mass,  substances  are 
also  mixed  with  the  inflsimmable  matter,  which  readily 
enter  into  fusion,  and  are  termed  ft^ixes. 

Dd 
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FIRST  CLASS. 


MAU.EABLE    METALS. 
SECT.    II. 


I.  Gold  may  be  melted  by  a  moderate  red  heat ; 
wbea  tKe  heat  is  greatly  increased,  tlie  metal  is  in  f 
voIaiiUzed. 

II.  Pure  gold  is  not  oxydizcd  fay  exposure  to  heat  v 
the  access  of  air. 

III.  It  is  not  acted  on  by  sulphuric,  nitric,  or  muriadtt  ^ 
acid,  even  at  the  boiling  temperature. 

IV.  It  is  tUssolved,  however,  by  niiro- muriatic  acid, 
and  also  by  die  oxygenized  muriatic  acid.  A  thin  sheet 
of  gold  introduced  into  the  latter  acid,  ivhen  in  a  gaseous 
state,  takes  fire  and  bums. 

V.  The  nitro-muriate  of  gold  gives  a  purple  staia  to  the 
skin,  and  is  susceptible  of  crystallization. 

VI.  It  is  decomposed  by  alkalies,  A  solution  of  pure 
ammonia  separates  an  oxide  of  gold,  and  a  portion  of 
ammonia,  uniting  with  the  oxide,  forms  a  compound 
which  detonates  very  loudly  in  a  gentle  heat,  and  is  tertom 
ed  JiilmiTiating  gold.  I 

To  obtain  this  compound,  add  a  solution  of  ammonia  ' 
in  water,  or  the  pure  liquid  ammonia,  to  diluted  muriate 
of  gold;  a  precipitate  will  appear,  which  will  be  re-dissol- 
vcd  if  too  much  alkah  be  used.     Let  the  liquid  be  filtered, 
and  wash  the  sediment,  which  remains  on  the  filter,  witb 
several  portions  of  warm  water.    Dry  it  by  exposure  (O  the 
air,  without  any  artificial  heat,  and  prescr^'c  it  in  >  bottle, 
closed,  not  with  a  glass-stopper,  but  merely  by  a  cork.    A 
small  ponion  of  this  powder,  less  than  a  grain  in  weighty   ' 
being  placed  on  the  point  of  a  knife,  and  held  over  a  lan^.  ■ 
detonates  violently.  | 

This  detonation  is  explained  as  follows:  Fulminating 
gold  is  composed  of  an  oxide  of  that  metal,  combined 
with  ammonia.  When  its  temperature  is  raised,  the  am- 
monia is  decomposed ;  the  hydrogen  of  the  alkali  unites 
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with  the  oxygen  of  the  oxklf ,  and  reduces  the  goTd  to  a 
metallic  stale ;  and  azouc  gas,  and  probably  aqueous  va- 
pour, are  Uberaled  in  a  hi^ly  expanded  state.  Tht  vio- 
lent impulse  of  these  aerii^ni  pvoducts,  on  the  surround- 
ing atmosphere,  appears  to  be  the  cause  of  the  loud  nbise 
that  is  occasioned  b^  the  exploMon  of  this  compound.  A 
similar  expkdnadon  may  be  applied  to  other  fulminating 
compounds  of  metallic  oxides  with  ammonia;  such  as 
those  of  silver  and  mercury,  which  will  be  described  here- 
after. 

VIL  The  solution  of  gold  is  also  decomposed  by  cer- 
tain combustible  bodies,  which  attract  the  ox}'gen  from 
the  gold,  and  render  it  insoluble,  (a.)  Into  a  dilute  so- 
lution of  gold,^  contained  in  a  glass  jar,  put  a  long  nar- 
n>w  slip  of  charcoal,  and  expose  the  whole  to  the  direct 
light  of  the  sun.  The  gold  will  be  revived,  and  will  a^ 
pear  on  the  charcoal  in  a  metallic  state,  exhibiting  a  very 
beautifiil  appearance.  The  same  change  ensues  without 
light,  if  the  solution  be  emosed  to  a  temperature  of  212®. 

(b)  Moisten  a  piece  of  white  taffeta  ribband,  with  the 
dilute  solution  of  gold,  and  expose  it  to  a  current  of  hy- 
drogen gas  from  iron  filings  and  dilute  sulphuric  acid. 
The  gold  will  be  reduced,  and  the  ribband  will  be  gilt 
with  me  metaL  By  means  of  a  camel's  hair  pencil,  the 
gold  may  be  so  applied  as  to  exhibit  regular  figures,  when 
reduced. 

(c)  The  same  experiment  may  be  repeated,  substituting^ 
phosphuretted  hydrogen  for  common  hydrogen  gas;  The 
reader,  who  widies  for  a  dietail  of  various  experiments  of 
a  similar  kind,  may  consult  an  Essay  on  Combustion,  by 
Mrs.  Fulhame,  published  by  Johnson,  London,  1794,  and 
also  count  Rumford's  paper,  in  the  Phil.  Trans.  1798,  p. 

VIH.  Gold  is  precipitated  from  muriatic  acid,  in  a  me- 
tallic form,  by  a  solution  of  green  sulphate  of  iron. 

IX.  When  a  sheet  of  tin  is  immersed  in  a'  solution  of 
nitro-muriate  of  gold,  the  oxide  of  gold  is  precipitated  of 
a  purple  colour;  and,  when  scraped  off  and  collected, 
forms  the  purple  powder  of  Cassius,  much  employed  in 

*  The  nicro-aiacbte  of  gold,  employed  in  these  ezpetimenu,  should 
be  prerioasiy  evajwratcd  to  dryneis,  in  order  to  expel  the  eapcr^vmnt  add, 
and  afterwards  disiblved  in  diatUled  water. 
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enamelling.     The  same  precipitate  is  obtained  by  mixing 
a  solution  uf  gold  with  a  solution  of  tin  in  muriatic  acid. 

X.  Gold  is  predpilated  from  its  solvent  by  ether,  but 
the  oxide  of  gold  is  instantly  redissolved  by  the  ether, 
and  forms  the  ethereal  solution  of  gold. 

XI.  Sulphurcts  of  alkulits  unite  with  gold  both  i 
dry   and  humid  way.     To  exhibit  this,  some  leaf-gold 
may  lie  digesttd,  with  heat,  in  a  solution  of  sulphurct  of*  ' 
potash. 

XII.  The  methods  of  purifyinggold,  by  the  operatioiM 
of  cupelling  and  quariaiion,  would  lead  into  too  long 
details.  They  are  very  perspicuously  described  by  La 
Grange,  in  the  44di  chapter  of  his  Manutl,  and  in  Ni- 
cholson's PrirKiplen  of  ChemiKlri/.  To  the  former  work, 
and  to  Dr.  Thomson  s  Elemrnl--',  I  refer  also  for  infomn—  g 
tion  respeaing  the  allojs  of  gold  with  other  i 


Platina. 


I.  Platiua,  in  the  state  in  which  it  reaches  this  coun- 
try, is  contaminated  by  the  presence  of  several  other  me. 
tals ;  and,  in  fact,  is  merely  an  ore  of  pljtina.  It  is  in 
the  form  of  small  grains  or  acaks,  of  a  whiter  colour  thiin 
iron,  and  extremely  heavy.  Various  processes  have  been 
contrived  for  its  purification;  (Sec  La  Grange,  Vol.  IL) 
but  the  one,  which  is  the  moat  simple  and  practicable, 
appears  to  me  to  be  that  of  Count  Moussin  Poushkia, 
communicated  by  Mr.  HatcheU  in  the  9th  volume  of  Ni- 
cholson's Journal.  It  is  unnecessary,  however,  to  detail 
these  processes ;  as  the  metal  may  now  be  had,  in  a  pure 
state,  at  a  reasonable  price ;  among  other  places,  at  Ga- 
ry's, No.  182,  Strand,  London.  _ 

I I.  Platina  h:is  the  following  properties : 

1.  It  is  a  white  metal,  resembling  silver  in  colour,  I; 
greatly  exceeding  it,  and  indeed  all  other  metals,  in  spf 
tifii  gravity. 

2.  It  is  extremely  diiiii:vilt  of  fusion.     It  may  be  n 
ed,  however,  by  the  blow-pipe,  with  the   aid  of  oxygi 
gas. 
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3.  It  is  not  Qzydized  by  the  long-continued  and  con- 
current action  of  heat  and  sur. 

4.  It.  has  the  property  of  welding^  which  belongs  to 
no  other  metal  but  this  and  iron. 

5.  It  b  not  acted  on  by  any  other  acid  than  the  nitro- 
muriatic  and  oxygenized  muriatic.  The  former  is  best 
adapted  to  effect  this  solution.  Sixteen  parts  of  the  com- 
pound acid  are  to  be  poured  on  one  of  the  laminated  me- 
tal, and  exposed  to  heat  in  a  glass  vessel ;  nitrous  gas  is 
disengaged,  and  a  reddish  coloured  solution  is  obtained, 
which  gives  a  brown  stain  to  the  skin. 

6*  The  muriate  of  platina  may  be  cr3rstallized  by  care- 
ful evaporation.  The  salt  has  a  very  acrid  taste,  and  is 
deliquescent.  It  b  decomposed  by  heat,  and  an  oxide 
of  platina  remains,  which  is  reduced  to  a  metallic  form 
by  ignidon  with  charcoaL 

7.  The  muriate  of  platina  has  the  characteristic  proper- 
ty of  being  precipitated  by  a  solution  of  muriate  of  am- 
monia. By  this  character,  platina  is  distinguished  from 
all  other  metals,  and  may  be  separated  when  mingled  with 
them  in  solution.  Thef  precipitate,  thus  obtained,  is  de- 
composed by  a  strong  heat,  and  leaves  pure  platina. 

8.  Muriate  of  platina  is  not  precipitated  by  prussiate  of 
potash,  nor  by  sulphate  of  iron.  If  any  precipitate  ensue, 
it  b  owing  to  contamination  with  other  metab. 

9.  It  is  precipitated  of  a  dark  green  colour  by  the  gal- 
lic acid  as  present  in  tincture  of  galls.  The  precipitate 
becomes  gradually  paler  by  standing. — La  Graqge,  II. 
272. 

10.  When  pure  potash  is  poured  into  the  muriatic  so- 
lution, a  precipitate  ensues,  which  is  not  an  oxide  of  pla- 
tina, but  a  triple  compound  of  that  oxide  with  the  alkali 
and  acid.  With  soda,  abo,  it  forms  a  triple  combina- 
tion. This  is  best  obtained,  by  adding  to  nitric  acid,  in 
a  retort,  pbtina,  with  twice  its  weight  of  muriate  of  soda, 
and  applying  heat  till  about  four-fifths  of  the  fluid  have 
come  over.  The  remaining  liquor  forms,  on  cooling,  fine 
prismatic  crystab,  sometimes  four  or  five  inches  long ; 
and  either  reddish  brown,  like  Utanium  :  yellow,  like  am- 

I  Two  piecet  of  wrought  iron,  raised  to  a  white  heat,  become  covered 
with  a  kind  of  Taroiah ;  and,  when  brought  into  contact,  may  be  perma- 
■entlj  united  by  forgmg.    This  is  called  the  welding  of  iron. 
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ber ;  or  of  a  beaotifiil  coqu<;lKot  colour.— Nitii,  Joutn* 
IX.  8vo.  S7.  » 

11.  Marut«  of  platiaa  is  ptvcipitated  by  stilphiiKttMl 
hydrogen.  .fl 

t2.  Plaiina  is  iicietl  upon  bv  fusion  whh  fMtmte  ofpot- 
ash,  and  also  with  pure  fixed  alkalies. 

13.  The  mo3t  delicate  Ust  of  the  prcBi-nce  of  plotina  is 
muriate  of  tin.  A  sotuiion  of  platina,  so  dilute  an  to  btf 
scarcely  diatinguiahablc  trom  wali:^,  assumes  a  brig+it  red 
colour,  on  the  addition  of  a  single  drop  ol  the  recent  so- 
lution of  tin. 

14.  Platina  has  been  diecovered  by  Dr.  Wollastott  m 
be  a  remarkably  slow  conductor  of  caloric.  When  eqiwl 
piicea  of  silver,  co|iper,  and  platina,  were  covered  with 
wax,  and  heated  at  one  end,  the  wax  was  melted  2j  int;h> 
es  on  the  silver ;  2:  on  the  copper  ;  and  I  inch  only  oil 
the  plntina.  Its  expansion  by  heat  is  considerably  less 
than  tliat  of  steel ;  which,  between  the  tcmpcriitures  of 
32'  and  312'  is  expiided  about  la  parte  in  lO.OOO,  <rhilv 
the  expansion  of  platina  is  only  about  lO. 


SECT.  IV. 


Silver, 


I.  Silver,  also,  is  a  metal  which  ia  diffictdlly  oxydiectti 
by  the  concurrence  of  heat  and  air.  « 

II.  It  is  acted  on  by  sulphuric  acid,  which,  when  M^ 
sisted  bv  heat,  oxydizes  and  partly  dissolves  it. 

III.  Nitric  acid  dissolves  it  with  a  discn^gemeiK  of 
nitrous  gas.  If  the  silver  be  pure  the  Bulutlon  is  cotour- 
l«8,  otherwise  it  has  a  gi-cen  hue.  (N.  29.) 

IV.  Muriatic  acid  does  not  acC  on  silver  ;  yet  diift 
acid  takes  silver  from  others.  Thus  when  muriatic  acid 
is  added  to  nitrate  of  silver,  a  white  curdy  precipitate 
falls  down  in  great  abundance.  This  precipitate  is  de- 
composed by  liglit  ;  for,  when  exposed  to  the  direct  niys 
of  the  sun,  its  colour  becomes  ^adually  darker.  If  ftwed 
by  a  gentle  bent  it  forms  a  semi  transparent  mass  of  the 
consistence  of  horn,  cjllcd  luna  cornea,  or  horn  silver. 

Muriate  of  silver  is  decomposed  by  fusion  with  caibo- 
nate  of  soda.     Mix  one  part  of  the  foTB^er  wldi  thsee  of 
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the  latter  said  and  Ut  the  mixture  be  fused  in  a  crucible. 
WbtMi  cold,  the  silver  wall  be  found  reduced  at  (he  bot^ 
torn  of  the  crucible  ;  break  the  mass,  and  separate,  the 
loetal*  T^is  is  one  of  the  best  modes  of  obtaining  silver 
in  a  sjtateof  parity. 

y.  A  solution  of  nitrate  of  silver  stains  animal  substan- 
ces a  deep  black.  lience  it  has  been  applied  to  the  stain- 
ing of  huQftan  hair ;  but,  when  thus  employed,  it  should 
be  very  poAxch  diluted,  a^  used  with  great  caution,  on 
accoMOt  of  its  corrosive  quality. 

White  p^per,  <»-  whitf;  leather,  when  stained  with  a 
solution  of  nitrate  of  silver,  in  the  proportion  of  IQ  water 
to  oqe  of  the  salt,  undergoes  no  chisinge  in  the  dark  ;  but 
when  ejLposed  to  th^  light  of  day,  it  gradually  acquires 
o^ourt  and  passes  through  a  succession  of  changes  to 
black.  The  common  sup4)eams,  passbg  through  red 
£^ass,  have  vejty  little  effect  upon  it ;  yellow  and  green 
are  iQore  efficacious;  but  blue  and  violet  produce  the 
n^Qst  decidedly  powerful  effects.  Hence  this  properQ?* 
fMrni^hes  a  method  of  copying  paintings  on  glass,  and 
transferring  them  to  leather  or  paper*  The  process  is  de- 
sf:ribed  by  Mr.  T.  Wedgwood}  in  Nicholson^s  Journal, 
pvo.  III.  167. 

By  a  similar  process,  ivory  may  be  covered  with  silver. 
Let  a  slip  of  ivory  be  immf^rsed  in  a  dilute  solution  of 
pure  nitrate  of  silver,  tiU  the  ivory  has  acquired  a  bright 
yellow  colour*  Then  remove  it  into  a  tumbler  filled  with 
distilled  water,  and  expose  it  to  the  direct  light  of  the 
sun.  After  two  or  three  hours  exposure,  it  will  have 
become  black  ;  but  on  nibbing  it  a  little,  the  surface  will 
be  changed  into  a  bright  metallic  one,  resembling  a  slip 
of  pure  silver.  As  the  solution  penetrates  deep  into  thie 
ivory,  the  bright  surfape,  when  worn  away,  is  replaced 
by  a  succession  of  others. 

VI.  The  solution  of  nitrate  of  silver,  when  evaporated, 
forms  regular  crystals.  Thtse  crystals  fuse  when  heated  ; 
and  being  poured  in  this  state,  into  moulds,  form  the 
common  lunar  caustic. 

VII.  Nitrate  of  silver  is  decomposed  by  other  metals. 
Thus  the  surface  of  a  plate  of  copper,  to  which  a  little  of 
the  solution  is  applied,  becomes  plated  over  with  silver. 
If  a  little  mercury  be  poured  into  a  bottle  filled  with  this 
solution,  and  the  bottle  be  left  some  time  undisturbed, 
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moderate  heat  in  to  be  applied   till  efFencsccnce  i 
ted.     A  white  fume  then  begins  to  undul^itt  on  the  sur- 
face of  the  liquor,  and  the  powder  will  be  gradually  pre-, 
cipilated  on  the  cessation  of  action  and  re-action.     The 
precipitate  is  to  be  immediately  collected  on  a  filter,  well 
washed  with  distilled  water,  and  cautiously  dried  in  a  heat 
not  csceedinv;  that  of  a  water-bath.    The  immediate  wash- 
ing of  tile  powder  is  material,  because  it  is  liable  to  the 
n-action  of  the  nitric  acid ;  and  while  any  of  that  acid 
Ihcres  to  it,  it   is  very  subject  to  the  action  of  light. 
100  grains  of  mercun'i  about  120  or  130  of  the 
er  are  obtained.     (Ste'Phil.  Trans.   1800,  p.  214,) 
*his  powder  has  the  property  of  detonating  loudly  in  a 
_eiitle  heat,  or  by  light  friction. 
The  following  curious  fact,  respecting  the  fulminating 
r-mcrcury,  we  owe  to  Mr.  Accum.     Four  ounces  of  this 
'jMibstance  were  placed,   still  wet,  on    a    chalkstone,  and 
l^left  in  this  situation,  unobserved,  for  three  montlia.     The 
'broduct  was  found  converted  into  a  brilliant  black  pow- 
j^cr.     On  attempting  to  collect  it  into  a  heap,  and  to  se- 
Liparate  it  from  the  paper  which  had  been  interposed,  a 
I^globulc  of  running  mercury-  was  seen.     On  introducing 
J  the  powder  into  a  botde,  and  shaking  it,  heat  was  evol- 
1   ved,  and  the  whole  reduced  to  the  metallic  state.- — Nich. 
1  Joum.  8vo,  i.  299. 

VIII.  Mercury  is  not  dissolved  by  muriatic  acid,  bul 
I  ^uay  be  brought  into  union  with  this  acid  by  double  clee- 
V  -live  afliniiy.  Thus  when  sulpliate  of  mercury  and  muri- 
ate of  soda,  both  well  dried,  are  mixed  and  exposed  to 
heat,  a  combination  of  oxide  of  mercury  and  muriatic 
acid  is  obtained  by  sublimation.  This  compound  is  the 
torroitve  sublimate  ol  tlve  sliops.  The  same  components, 
with  a  sliU  farther  addition  of  mercury,  constitute  an  in- 

y  soluble  substance  called  ccUomrl. 

calomel,  the  oxide  of  mercury  contains  about  10 

I  per  cent,  ol  oxygen,  and  the  salt  about  88  of  the  oxide, 

snd    12  of  muriatic  acid.     Corrosive  sublimate,  in  1(X> 

L.  {uirts,  has  82  of  an  oxide  containing  15  per  cent,  of  ox- 

T Tgen. — Chcncvtx,  Phil.  Trans.  1801. 

IX.  The  oxides  of  mercury  are  uU  rtrduced  by  heat 
L  alone,  without  the  addition  of  any  combustil^Ie  substance, 
*  sod  afford  oxygen  gas. 

X.  Mercury  dissolves  gold,  silver,  tin,  and  many  other 
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metak ;  and  if  these  be  combined  with  it  in  sufficient 
quantity,  the  mercury  loses  its  fluidity,  and  forms  an 
amalgam.  A  solid  amalgam  of  lead,  and  another  of  bis- 
muth, on  admixture  together,  have  the  singular  property' 
of  instandy  becoming  fluid. 

By  combinadon  with  mercury,  metals  that  are  not  ea- 
«ly  oxydized,  acquire  a  facility  of  entering  into  this 
union.  Thus  gold  and  silver,  when  combined  Mrith  mer- 
cury, are  oxydized  by  agitation  in  contact  with  air.  This 
fact  furnishes  a  striking  illustration  of  the  effect  of  over- 
coming the  aggregative  affinity  of  bodies  in  promoting 
chemical  union. 

XI.  By  combination  with  sulphur,  mercury  affords  two 
distinct  compounds.  By  long-continued  trituration,  these 
two  bodies  unite,  and  form  a  black  sulphuret.  When 
united  together  by  fusion,  and  afterwards  sublimed,  they 
constitute  a  red  sulphuret  called  cinnabar,  which,  when 
powdered,  affords  the  common  pigment  vermilion.  This 
compound  ako  may  be  obtained  by  mixing  concentrated 
solutions  of  muriate  of  mercury  and  hydro-sulphuret  of 
ammonia.  A  brownish  muddy  precipitate  is  obtained, 
which,  when  left  uncUsturbed,  turns  yellow  in  three  or 
four  days,  then  orange,  and  finally  acquires  a  beautiful 
cinnabar  colour. — Accum,  in  Nich.  Joum.  8vo,  i.  299. 
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Rhodium  and  Palladium. 

The  discovery  of  these  two  metals  we  owe  to  the  inge- 
nuity of  Dr.  Wollaston,  who  separated  them  from  the 
ore  of  platina,  by  the  following  process. 

I.  Rhodium.  When  a  solution  of  the  ore  of  platina 
in  nitro-muriatic  acid  has  been  precipitated,  as  far  as  pos- 
sible, by  muriate  of  ammonia  (see  Sect.  3.)  it  still  re- 
tains a  considerable  degree  of  colour,  varying  with  the 
strength  and  proportion  of  the  acids  that  have  been  em- 
ployed in  effecting  the  solution.  Beside  iron,  and  a  por- 
tion of  the  ammonia-muriate  of  platina,  it  contains,  abo, 
other  metals  in  very  small  proportion. 

1.  Let  a  cylinder,  or  thin  plate  of  zinc,  or  iron,  be 
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immersed  in  ilie  mlution.  It  will  separate  hII  thctncials 
thd(  are  prtscnt,  in  the  aiatc  of  ii  black  powdir.  Wash 
the  pretipitate  (without  dr\  ing  it)  with  very  dilute  nilrtL 
acid,  assisted  hy  a  penile  hrM,  which  will  dissoivir  the 
copper  and  lead.  Dig  st  the  remaidder  in  dilute  nitro- 
muriatic  acid;  and  to  the  suliiliun,  when  completed,  add 
8  puriion  Ol  muriate  of  sodj,  etiuivaient  in  weight 
about  t-50ih  the  ore  of  platina  employed.  Evap 
b\'  a  gc-Hlie  heat.  The  dry  mass  contains  the  soda-i 
Rics  of  platinn,  palladium,  and  rhodium  ;  the  two  foi 
of  which  may  be  separated  by  alcohol,  and  the  sak 
rhodium  uiU  remain.  Fn>m  its  solution,  the  rhodiun 
mav  he  preeijMtated  by  zinc,  which  throws  down  a  black 
powder,  amounting,  in  weight,  to  lour  grains  from  4000 
Ol  tht  ore. 

2.  When  exposed  to  heat,  the  powder  c:ontinues  black ; 
with  borix  it  acquires  n  white  metallic  lustre,  but  ap- 
pears infusible  by  any  di'gree  of  heal.  It  is  renderetl 
uisiiile,  however,  by  arsenic,  and  also  by  sulphur  j  both 
of  which  may  be  expelled  by  a  continued  heat;  but  tht^ 
metallic  button,  thus  obtained,  is  not  malleabli 

3.  The  specific  gravity  of  rhodium,  us  near  as  it  couM 
bo  taken,  was  11. 

4.  Rhodium  unites  readily  with  all  rite  metals  that 
have  been  tried,  excepting  mercury.  It  does  not  disco- 
lour gold  when  alloyed  with  it. 

5.  When  an  alloy  of  silver  or  gold  with  rhodium 
digested  in  nitric  or  nitro- muriatic  acid,  the  rhodium 
mains  untouched ;  but  when  allojed  with  three  times 
weight  of  bismuth,  copper,  or  le.id,  each  of  these  alloys 
may  be  dissolved  completely,  in  a  mixture,  by  measure, 
of  two  parts  muriatic  acid  with  one  of  nitric.  The  lead 
appears  preferable,  as  it  is  reduced,  by  evaporation,  to  an 
insoluble  muriate.  The  muriate  of  rhodium  then  exhi- 
bits the  rose  colour,  from  which  the  name  of  the  metal 
has  been  derived.     It  is  soluble  in  alcohol. 

6.  Rhodium  is  not  precipitated  from  its  solution  by 
prussiate  of  potash,  nor  by  muriate  of  ammonia,  nor  by 
hydro-sulphuret  of  ammonia.  The  carbonated  alkalicH 
proiluce  no  change ;  but  the  pure  alkaliea  precipitate  a 
yellow  oxiile,  soluble  in  all  acids  that  have  been  tried. 

II.  Palladium.     1.  Thcalcoholicsolution  (I.  l.)con- 
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tAoB  the  •oda-miiriates  of  pallacUum  and  pbtiiUL  The 
htter  metal  may  be  precipitated  by  muriate  of  ammonia; 
and  from  die  remaining  liquid  palladium  may  be  obtain* 
ed,  by  die  addition  of  prussiate  of  potash,  which  occaci 
stons  a  sediment,  at  first  of  a  deep  orange  colour,  and 
changbg  afterwards  to  a  dirty  bottle-green,  owing,  pro* 
bably,  to  the  presence  of  iron.  The  precipitate  is  to  be 
ignited)  aAd  purified  from  iron,  by  cupellkdon  with  bo» 
rax. 

9*  A  more  simple  method  of  obtaining  palladium  has 
since  been  announced  by  its  discoverer.f  To  a  solution 
of  the  ore  of  pladna  in  nitro-muriatic  acid,  neutralized 
by  evaporating  the  redundant  acid,  or  by  adding  an  al- 
kali ;  and  either  before  or  after  the.  separadon  of  the  pla- 
tina  by  muriate  of  ammonia,  let  prussiate  of  mercury  be 
added.  In  a  short  time  the  liquid  becomes  yellow,  and 
a  flocculent  precipitate  is  gradually  formed  of  a  pale-yelr 
lowish  white  colour,  which  is  the  prussiate  of  palladium* 
This,  on  being  heated,  yields  the  n^etal  in  a  pwe  state,  ia 
the  proportion  of  4-l6th8  or  S-lOths  grain  from  every 
hundred  grains  of  the  ore. 

Those  who  may  wish  to  examine  the  properties  of  pal- 
ladium, may  now  procure  it  in  a  metallic  state  at  Messrs. 
Knights',  Foster-Lane,  London. 

3.  The  following  are  the  properties  of  palladium. 

(ci)  Its  colour  resembles  that  of  platina,  except  that 
it  is  of  a  duller  white.  It  is  malleable  and  ductile.  Its 
specific  gravity  varies  froth  10.972  to  11.462.  Its  power 
of  conducting  caloric  is  jneariy  equal  to  that  of  platina^ 
which  it  rath^  surpasses  in  expansion  by  heat. 

(i)  Exposed  in  an  open  vessel,  to  a  greater  degree  of 
heat  than  is  required  to  melt  gold,  no  oi^dizement  en- 
sues ;  and  no  degree  of  fusion  takes  place.  On  increase 
ing  the  fire  considerably,  a  meked  button  is  obtained, 
and  the  specific  gravity  is  increased  to  1 1.871.  The  me- 
tal, in  diis  state,  has  a  greyish-white  colour.  Its  hard- 
ness exceeds  that  of  wrought  iron.  By  the  file  it  ac- 
quires die  brilliancy  of  platina;  and  is  malleable  to  a 
great  degree. 

(c)  Palladium  readily  combines  with  sulphur.     The 
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compound  is  whiter  than  the  separate  metal,  and  is  verv 
briitJc. 

(<y)  It  unites  with  potash  by  fusion,  and  also  with  soda, 
but  less  rcm^kably.  Amntonia,  allowed  to  atand  over 
it  for  some  days,  acquires  a  bluetah  tinge,  and  holds,  in 
solution,  a  small  poruoti  of  oxide  of  palladium. 

(e)  Sulphuric  acid,  boiled  with  palladium,  acquires  a 
beautiful  blue  colour,  and  dissolves  a  portion  of  the  me- 
tal. The  action  of  this  acid,  however,  is  not  powcrfid: 
and  it  cannot  be  considered  as  a  fit  solvent  for  p; "'' 
dium. 

(J")  Nitric  acid  acts  with  much  greater  violence  Oct 
palladium.  It  oxydizes  the  metal  with  somewhat  more 
difEculiy  than  silver ;  and,  by  dissolving  the  oxide,  forms 
a  very  beautiful  red  solution.  During  this  protess  no  ni- 
trous gas  is  disengaged.  Nitrous  acid  lias  even  a  more 
rapid  action. 

(^)  Muriatic  acid,  by  being  boiled  on  palladium,  acts 
upon  it,  and  acquires  a  iieautiful  red  colour. 

(A)  But  the  true  solvent  of  palladium  is  nitro-muriatic 
acid,  which  acts  upon  the  metal  with  great  violence,  and 
vields  a  beautiful  red  solution. 

[i)  From  all  these  acid  solutions  of  palladium,  a  pre- 
cipitate mav  be  produced  by  alkalies  and  earths.  These 
precipitates  arc  mostly  of  a  beautiful  orange  cobur ;  are 
partly  dissolved  by  some  of  the  alkalies  i  and  that  occa- 
sioned by  ammonia,  when  thus  re-dissolved,  has  a  fine 
greenish-blue  colour.  Sulphate,  nitrate,  and  muriate  of 
potash,  produce  an  orange  precipiiate  in  the  salts  of  pal- 
ladium, as  in  those  of  platina^  and  the  precipitates  from 
nitrate  of  |jaUadiiim  have  generally  a  deeper  orange.  All 
the  metals,  except  gold,  platina,  and  silver,  cause  vcTy 
copious  precipitates  in  solutions  of  palladium.  Kccent 
muriate  of  tin  produces  a  dark-orange  or  brown  precipi- 
tate, from  neutralized  salts  of  palladium,  and  is  a  very 
delicate  test  of  this  metal.  Green  sulphate  of  iron  pre- 
cipitates palladium  in  a  metallic  state ;  and,  if  the  expe- 
riment succeed,  the  precipitate  is  about  equal  in  weight 
to  the  palladium  employed.  Prussiate  of  potash  causes 
an  olive- coloured  precipitate.  The  prussiate  of  palladium, 
separated  by  a  neutral  solution  of  prussiate  of  mercury, 
has  the  property,  when  heated  to  about  500°  of  Fahren- 
heit, of  detonating,  with  a  n<Hse  similar  to  that  occssion- 
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ed  by  firing  an  equal  quantity  of  gunpowder.  Hydro- 
sulphurets,  and  vrater  impregnated  with  sulphuretted  hy- 
drogen gas,  occasion  a  dark-brown  sediment  from  solu- 
tions of  palladium. 

(k)  Palladium  readily  combines  with  other  metals.  It 
has  tiie  property,  in  common  with  platina,  of  destroying 
the  odour  of  gold,  even  when  in  a  very  small  proportion. 
—Thus  one  part  of  platina,  or  palladium,  fused  with  six 
of  gold,  reduces  the  colour  of  the  gold  nearly  to  that  of 
the  white  metal  employed. 
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Iridium  and  Osmium. 

When  the  ore  of  platina  has  been  submitted  to  the  ac- 
tion of  nitro-muriatic  acid,  a  part  remains  undissolved,  in 
the  form  of  a  black  powder,  resembling  plumbago.  In 
this  substance,  Mr.  Tennant  has  lately  discovered  two 
new  metals.  The  process,  which  he  employed  to  separate 
tiiem,  was  the  following. 

1.  1.  The  powder  was  fused  in  a  silver  crucible  with 
pure  soda,  and  the  alkali  then  washed  off  with  water.  It 
had  acquired  a  deep  orange  or  brownish-yellow  colour, 
but  much  of  the  powder  was  undissolved.  The  residue 
was  digested  in  muriatic  acid,  and  a  dark-blue  solution 
obtained,  which  afterwards  became  of  a  dusky  olive- 
green  ;  and,  finally,  by  continuing  the  heat,  oi  a  deep- 
red  colour.  By  the  alternate  action  of  the  acid  and  al- 
kali, the  whole  of  the  powder  appeared  capable  of  solu- 
tion. 

2.  The  alkaline  solution  contained  the  oxide  of  a  vo- 
latile metal  not  yet  described  ;  and  also  a  small  portion 
of  another  metsd.  When  the  solution  was  kept  some 
weeks,  the  latter  metal  separated  spontaneously  in  thin 
dark-coloured  flakes.  The  acid  solution  contained  both 
metals  also ;  but  principally  one,  which  is  not  altered  by 

muriate  of  tin ;  is  precipitated  of  a  da'^  ' ""  colour 

by  pure  alkali ;  and  which  exhibits,  c*  ^  in 

muriatic  acid,  a  striking  variet}'  of  col 


324 


HSTALS. 


CHAP.  XVIU* 


variations   in  its  degree  of  oxygeniz^meDt— From  this 
properly  Mr.  Tinnant  terms  it  Iridium. 

3.  In  order  to  olxain  muriate  ol  iriUiuin,  free  rrom  the 
other  metal,  the  acid  solution  (2)  was  evaporated,  and  an 
imperfectly  crystallized  mass  obtained ;  but  this,  dried 
on  blotting  paper,  and  again  dissolved  and  evaporated, 
gave  distinct  ociohedral  crystals.  The  watery-  solution 
of  dicse  cr^'stals  had  a  deep.red  colour,  iocliaing  to 
orange.  With  infusion  of  galls  no  precipitation  ensued  i 
but  the  colour  almost  instantly  disappeared.  Muriate  of 
tin,  carbonate  of  soda,  and  prussiate  of  potash,  had  the 
same  etfect.  Pure  ammonia  precipitated  the  oxide,  but 
retained  a  part,  and  acquired  a  puiple  colour.  All  the 
metals,  except  gold  and  platina,  precipitated  iridium  of  a 
dark  colour  from  the  muriate,  which  had  lost  its  co- 
lour. 

4»  Iridium  was  obtained  pure  by  heating  the  murial 
which  expelled  both  the  acid  and  the  oxygen. 
a  white  colour,  and  perfccdy  iolusiblc.     It  did 
bine  with  sulphur  or  arsenic.     Lead  united  with  it, 
was  separated  by  cupellaiion.     Copper,  alver,  and  gol 
were  severally  found  to  combine  with  it,  and  it  cannot  ■ 
separated  from  the  two  latter  by  cupellation  with  lead-i^J 
Its  other  properties  remain  to  be  examined.  {^ 

II.  I.  Osmium  was  procured  in  the  state  of  an  oxidic* 
by  simply  distilling  the  alkaline  solution,  obtained  as  al^ 
ready  de^ribed  (1. 1.),  along  widi  any  acid.  It  was  evca 
found  to  escape,  in  pan,  when  water  was  added  to  the 
dry  alkaline  mass  remaining  in  the  crucible  ;  and  wai 
manifested  by  a  pungent  and  peculiar  smell,  from  whicif 
property  its  name  has  been  derived.     The  watery 


IUU4    ^ 
of  oxide  of  osmium  is  without  colour,  having  a  swecO^^^^ 


taste,  and  the  strong  smell  already  alluded  to.  Anotfatt 
mode  of  obtaining,  still  more  concentrated,  the  oxide  of 
osmium,  is  by  distilling  the  original  black  powder  with 
nitre.  A  solution  of  oxide  of  osmium  in  water  is  found 
in  the  receiver,  of  such  strength  as  to  give  a  stain  to  the 
skin  that  cannot  be  elfaced.  The  most  striking  test  of 
this  oxide  is  an  infusion  of  galls,  which  presently  becomes 
of  a  purple  colour,  and  afterwards  changes  to  a  deep  vi- 
vid blue.  With  pure  ammonia,  the  solution  bcconu* 
somewhat  yellow  ;  and  slightly  so  with  carbonate  of  »'" 
da.      With  alcohol,  qt  still  more  quickly   with    ether,,, 
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acquires  a  dark  colour,  and,  after  some  time,  separates  in 
the  fisrm  of  black  films. 

2.  The  onde  of  osmium  gives  up  its  oxygen  to  all  the 
metals,  excepting  gold  and  plauna.  When  its  solution 
in  water  is  shaken  with  mercury,  the  solution  loses  its 
smell ;  and  the  metal,  combining  with  the  mercury,  forms 
an  amalgam.  From  this,  much  of  the  redundant  mer- 
cury miqF  he  separated  by  squeezing  it  through  leather, 
which  retuns  the  amalgam  of  a  firmer  consistence.  The 
mercury  being  distilled  off,  the  osmium  remains  in  its 
metallic  form,  of  a  dark-grey  or  blue  colour.  By  expo- 
sure to  heat,  with  access  of  air,  it  evaporates  with  its 
usual  smell ;  but,  if  oig^Uon  be  efiectually  prevented, 
it  does  not  seem  in  any  degree  volatile.  Being  subjected 
to  a  strong  white  heat,  in  a  cavity  made  in  a  piece  of 
charcoal,  it  is  not  melted,  nor  does  it  undergo  any  change. 
With  gold  and  silver  it  forms  malleable  alloys.  These  are 
easily  dissolved  in  nitro-muriatic  acid ;  and  by  distillation 
give  the  oxide  of  osmium  with  its  usual  properdes. 

3.  The  pure  metallic  osmiiim,  which  had  been  previ- 
ously heated,  does  not  seem  to  be  acted  upon  by  acids ; 
at  least  no  pfkct  is  produced  by  boiling  it  some  time  in 
nitro-muriadc  acid.  By  headng  it  in  a  silver  cup  with 
alkali,  it  immediately  combines  with  the  alkali,  and  this 
compound  gives,  with  water,  a  yellow  sdudon,  similar  to 
that  from  which  it  had  been  procured.  From  thb  solu- 
tion, acids  expel  the  oxide  of  osmium,  having  its  usiial 
smell,  and  possessing  the  piDperQ^  of  changing  to  a  vivid 
blue  the  innision  of  galls. 

Besides  the  Uack  powder  from  which  osmium  is  ob- 
tained, I  have  learned  that  Dr.  Wollaston  has  discovered 
a  separate  ore  of  these  two  metals,  mixed  with  the  grains 
of  crude  platina.  The  specific  gravity  of  this  ore  is  about 
19.5,  and  therefore  exceeds  that  of  crude  platina  itself, 
which  is  only  17.7.  The  grains  are  about  the  size  of 
those  of  crude  platina,  but  are  considerably  harder  ;  are 
not  at  all  malleable:  and  appear  to  consist  of  laminse, 
possessing  a  peculiar  lustre. 


F  f 


Copper. 

1.  1.  Copper  is  oxydizcd  by  air.     This  may  be  s 
by  heating  one  end  of  &  polished  bar  of  copper,  which  n 
exhibit  various  shades  of  colour,  according  to  the  force 
of  the  heat. 

A  plate  of  copper,  exposed  for  some  time  to  heat,  be- 
comes covered  with  an  oxide,- which  breaks  off  in  scales 
when  the  copper  is  hammered.  This  oxide,  when  exposed 
on  a  muifle,  is  farther  oxydized,  and  assumes  a  deep  red 
hue.  Copper  is  also  oxydized  by  long  exposure  to  a 
humid  atmosphere,  and  assumes  a  green  colour  ;  but  the 
green  oxide  holds  carbonic  acid  in  combination.  Theae 
compounds  do  not  return  to  a  metallic  st.ite  by  the  mere 
applicatioD  of  heat ;  but  require,  for  their  reduction,  the 
admixture  of  inflammable  matter. 

2.  Copper  does  not  decompose  water,  which  may  be 
transmitted,  in  vapour,  through  a  red-hot  tube  of  this 
metal,  without  decomposition. 

II.  It  combines  with  strong  sulphuric  acid,  in  a  boiling 
heat,  and  affords  a  blue  salt,  called  sulphate  of  copper, 
(u)  Sulphate  of  copper  is  a  regularly  crystallized  salt, 
easily  dissolved  by  water,  (i)  The  solution  is  decom- 
posed by  pure  and  cathonaied  alkalies.  The  former,  how- 
ever, re-dissolve  the  precipitate.  Thus,  on  adding  pure 
liquid  ammonia  to  a  solution  of  sulphate  of  copper,  a  pre. 
ctpitate  appears,  which,  on  a  farther  addition  of  the  alkoU, 
is  re-dissolved,  and  affords  a  beauiil'ul  bright-blue  solution. 
(r)  The  siilphiitc  of  copper  is  decomposed  by  iron.  In 
» solution  of  this  salt  immerse  a  polished  plate  of  iron. 
The  iron  will  soon  acquire  a  covering  of  copper  in  a  me- 
tallic slate,  [d)  It  gives  up  its  acid  on  the  application  of 
he^  without  decomposition;  and  an  oxide  of  coppCT 
remains  in  the  retort. 

III.  Copper  dissolves  readily  in  diluted  nitric  acid  ; 
and  nitrous  gas  is  evolved  in  great  abundance.  The  salt, 
resulting  from  this  combiniiiion,  has  the  singular  proper^* 
of  detonating  with  tin.  When  to  the  solution  of  this 
salt,  a  solution  of  potash  is  added  in  sufficient  quantity, 


a  blue  powder  is  precipitated,  consisdng  of  the  black  ox- 
ide of  copper  combined  with  water,  of  which  it^  contains 
25  per  cent.  This  substance  has  been  called  by  Proust 
hydrate  of  copper  ;  but,  more  properly,  by  Mr.  Chene- 
vix,  hydro-oxide  of  copper.  The  hydro-oxides  may  also 
be  formed  by  a  similar  precipitation  of  other  metallic  so- 
hitioiiB. 

IV.  Concentrated  and  bculing  muriatic  add  acts  on 
QOfqper;  and  a  green  solution  is  obtsuaed.  In  this  salt 
the  copper  is  oxydiz^d  to  its  maximum.  It  is  very  so<- 
luble  m  water,  and  deUquescent.  Another  combination 
of  this  acid  and  metal,  in  wluch  the  latter  is  oo^dized 
in  an  inferior  degree,  may  be  obtuned,  by  nuxing,  in  a 
mortar,  S7i  parts  of  black  oxide  of  copper,  and  50  of 
copper,  in  fine. powder  (obtained  by  precipitadon  on  a 
plate  of  iron,)  and  dissolving  tins  mixture  in  muriatic 
acid*  When  this  salt  is  poured  into  water,  a  white  pow- 
der is  precipitated,  because  the  excess  of  acid  is  remo« 
ved,  wiiich  is  essential  to  solution. 

V.  When  corroded  by  long  continued  eiq)osure  to  the 
fumes  of  vinegar,  copper  is  converted  into  verdegris.^ — 
The  verdegris  of  commerce  consists  partly  of  an  acetate, 
soluble  in  water,  and  pardy  of  a  sub»acetate.  By  sdu^ 
tion  in  ctistilled  vinegar  and  evaporadon,  it  forms  regu- 
lar crystals,  which  ^arc  completely  soluble  in  water.— 
These,  distilled  done,  yield  concentrated  acetic  acid, 
imd  a  combmadon  of  charcoal  and  oxide  of  copper  re- 
mfluns  in  the  retort. 

VL  When  the  muriate  of  copper  is  mixed  with  a  so- 
lution of  prussiate  of  potash  or  of  lime,  a  beaudfiil  red^ 
dish  brown  precipitate  is  obtained,  which  has  been  re- 
commended by  Mr.  Hatchett  as  a  pic^ent. 

VIL  Copper  combines  with  sulphur.  When  a  mixture 
of  diree  parts  of  the  metal,  in  tne  state  of  fine  filings, 
widi  one  part  of  sulphur,  is  melted  in  a  glass  tube,  at 
the  moment  of  combinadon,  a  brilliant  inflammadon 
ensues,  exceeding,  in  brightness,  that  of  iron  and  sulphur. 


1.  1.  Iron  is  oxydized  by  the  anion  of  air,  with  tJit 
aid  of  an  increasi;d  temperature,  and  guins  about  28  per 
cent.     The  oxide  thus  obtained  is  black. 

When  exposed  to  a  stronger  heat,  this  oxide  is  chan- 
ged into  a  reddish-brown  one,  not  attracted  by  the  mag- 
net, and  containing  40  per  cent,  of  oxygen.  Long  coo> 
linued  exposure  to  a  humid  atmosphere  covers  iron  with 
a  yellow  oxide,  which  contains  also  a  portion  of  carbonic 
acid. 

2.  Iron  is  oxydized  also  by  water,  both   at  the  ordina- 
ry temperature  of  the  air,  and  in  a  high  icmperaturcr- 
Iron  filings,  moistens- d  with  water,  acquire  rust,  and  b' 
come  oxydized  ;  and  the  \apour  of  water  gives  up  its  o^ 
gen  to  red-hot  iron,  die  hydrogen  being  liberated  in  ■ 

11  n combined  state. 

II.  Iron  is  attacked  by  most  acids. 

The  sulphuric  acid,  when  concentrated,  acts  but  feeUj  m 
on  iron  without  the  assistance  of  heat.  But  when  dilu*^  J 
cd,  the  iron,  is  first  oxydized  by  the  decomposition  of  ihe'  9 
water,  and  this  oxide  is  dissolved  by  the  acid.  The  solu*"/ 
lion,  when  evaporated,  gives  the  sulphatt  af  iron,  ' '  " 
has  the  following  properties  : 

(li)  It  forms  regular-shaped  crj'stals,  ofa  green  colo* 
which  have  an  astringent  taste,  and  dissolve  readily  i 
water. 

(6)  From  this  combination  an  oxide  of  iron  is  thro 
down  by  alkalies  and  by    earths,  varying  in  colour  w 
the  kind  and  state  of  the  precipitant.     Ammonia,  added 
in  excess,  re-dissolves  the  precipitate. 

(c)  When  the  iron,  contained  in  this  salt,  is  still  ^- 
iher  ox\dized,  the  colour  of  the  salt  changes  to  red :  and, 
if  the  oxydation  be  carried  still  farther,  the  iron  becomes 
insoluble  in  sulphuric  acid,  affording  an  example  of  a 
metal  soluble  only  when  oxydized  to  a  certain  degree. — 
Mere  exposure  to  air  is  sufficient  to  precipitate  an  oxide 
of  iron,  and  the  same  effect  is  rapidly  produced  by  adding  1 
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a  litde  ozygemzed  muriate  of  potash  to  a  solution  of  the 
salt. 

The  diflerent  states  of  oxydation  of  iron,  when  com- 
bined with  sulphuric  and  other  acids,  have  been  discovei^ 
ed,  by  M.  Pronst,  to  be  the  foundation  of  essential  dif- 
ferences in  the  characters  of  these  salts.  According  to 
this  ingenious  chemist,  there  exist  two  varieties  of  sul- 
phate of  iron,  the  green  and  the  red.  In  the  green  sul- 
phate, the  iron  contains  27  per  jcent.  of  oxygen,  in  the 
red  46.  The  green  salt,  when  pure,  is  soluble  in  alcohol ; 
its  solution  is  of  a  pale  green  cotour ;  it  is  not  altered  by 
die  gallic  acid,  and  gives  a  white  precipitate  with  prus- 
siate  of  potash.  The  red  sulphate  is  soluble  in  alcohol, 
and,  uncrystallizable,  it  forms  a  black  precipitate  with  the 
gallic  acid,  and  a  blue  one  with  prussiates.  The  green 
sulphate  may  be  changed  into  the  red  by  long  exposure 
to  the  air,  by  oxygenized  muriatic  acid,  or  by  nitric  acid. 
The  red  sulphate  may  be  changed  into  the  green  one  by 
agitation,  in  contact  with  sulphuretted  hydrogen  gas.*- 
The  common  sulphate  of  iron  is  a  mixture  of  these  two 
in  various  proportions.     (See  Atnu  dt  Chimie^  vol.  23.) 

(d)  The  sulphate  of  iron  is  decomposed  by  heat  alone. 
When  distilled  in  an  earthen  retort,  the  sulphuric  acid 
passes  over,  and  an  oxide  of  iron  remains  in  the  retort. 

III.  Iron  is  acted  on  by  the  muriatic  and  nitric  acids ; 
and  by  the  last,  when  concentrated,  very  violently,  so 
that  the  acid  undergoes  a  complete  decomposition.  The 
compounds,  thus  obtained,  do  not  admit  of  being  crystal- 
lized, and,  like  the  sulphate  of  ixxm,  exist  in  two  different 
states,  the  green  and  the  red,  which  vary  according  to  the 
demeof  oxydaAoa  of  the  iron.     (Davy,  186.) 

IV.  Iron  may  be  united,  in  the  way  of  double  elective 
affimty,  with  the  prussic  acid.t  Thus,  when  prussiate 
of  potash  and  sulphate  of  iron,  both  in  solution,  are  mix- 
ed together,  the  prussic  acid  and  oxide  of  iron  quit  their 
former  combinations  and  unite  together.  The  beautiful 
Uue  precipitate  is  prussiate  of  iron. 

(en  Prussiate  ot  iron  is  nearly  insduble  in  water. 
(^3  I^  i^  °^  soluble  in  acids. 

(c)  It  u  decomposed  by  a  red  heat,  the  prussic  acid 
being  destroyed^  md  an  oxide  of  iron  remaining. 


f  This  acid  win  be  mentioned  hereafter. 


{(/)  It  is  decomposed  by  pure  alkalies  and  earths,  which 
abstract  the  prussic  acid,  and  leave  an  oxide  of  iron.  Thuiy 
when  pure  pota&b  is  digested  with  pruaaiate  of  iron,  ' 
beautiful  blue  colour  disappears,  and  we  detain  a  coi 
pound  of  potash  and  prussic  acid;  still  retaining,  hoi 
ever,  a  coosiderablc  proporttou  of  oxide  of  iron,  wIm 
varies  from  24  to  30  per  cent.  It  is  in  fact,  therefore, 
triple  prussiate  of  potash  and  ironi  but  as  no  combinatii 
of  the  two  first  is  known,  it  may  be  termed,  for  the 
uf  brevity,  prussiate  of  potash. 

In  Nicholson's  Journal  (4to,  iv.  30.  171.)  I  have  ^ 
an  improved  process  for  preparing  the  prussiate  of  pot-, 
ash.  The  following,  after  trying  various  modes  of  pre- 
jiaralion,  I  find  to  afford  tlie  purest  test. 

I.  To  a  solution  of  pouish,  deprived  of  its  carbonic 
acid  by  quicklime,  and  heated  nearly  to  the  boiling  point, 
in  an  iron  kettle,  add,  by  degrees,  powdered  Prussian 
blue  till  its  colour  ceases  to  be  discharged.  Filter  the  li- 
quor, and  wash  the  sediment  with  water  til!  it  ceases  to 
extract  any  thing ;  let  the  washings  be  all  mixed  to^ 
gether,  and  placed  in  an  earthen  dish  in  a  sand-heat.'^ 
When  the  solution  has  become  hot,  add  a  litde  dilute 
sulphuric  acid,  and  continue  the  heat  for  about  an  hour. 
A  copious  precipitate  will  be  formed  of  Prussian  blue. — 
Let  this  be  separated  by  filtration,  and  assay  a  small 
quantity  of  the  filtered  liquor  in  a  wine-glass,  with  a 
little  dilute  sulphuric  acid.  If  an  abundant  production 
of  Prussian  blue  should  still  take  place,  fresh  sulphuric 
acid  must  be  added  to  the  whole  liquor,  which  must  ag^n, 
with  this  addition,  lie  exposed  to  heat.  These  lillrations 
and  additions  of  sulphuric  acid  must  be  repeated  as  long 
as  any  considerable  quantity  of  Prussian  blue  is  produced; 
but  when  this  ceases,  the  liquor  ma}'  finally  be  passed 
through  a  filter. 

2.  Prepare  a  solution  of  sulphate  of  copper   in  about 
four  or  six  times  its  weight  of  warm  water,  and  into  the 
solution  (1.)  pour  this,  as  long  as  a  reddish  brown  or 
per-coloured  sediment  continues  to  appear-     Wash 
sediment,  which  is  a  prussiate  of  copper,  with  repeal 
affusions  of  warm  water ;  and  when  these  come  off  < 
lourlcss,  lay  the  precipitate  on  a  linen  filter  to  drain,  af> 
ter  which  it  may  be  dried  on  a  chalk-stone. 

3.  Powder  die  precipitate,  when  dry,  and  add  it  by 
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degrees  to  »  solution  of  pure  potash,  prepared  as  descri- 
bed, p.  86.  The  prussic  acid  will  leave  the  oxide  of  cop- 
per and  pns3  to  the  alkali,  forming  a  prussiate  of  potash  as 
free  from  iron  as  it  can  be  obtained. 

4.  But  as  the  salt  still  contains  sulphate  of  potash,  a 
portion  of  this  may  be  separated  by  gende  evaporation, 
the  sulphate  crystallizing  first.  To  the  liquor  remaining, 
add  a  solution  of  barytes  in  warm  water  (p.  90.)  as  long 
as  a  white  precipitate  ensues,  observing  not  to  add  more 
after  its  cessation.  The  solution  of  prussiate  is  now  free, 
in  a  great  measure,  from  iron,  and  entirely  from  sul- 
phates; and,  by  gentle  evaporation,  will  form,  on  cool- 
ing, beautiful  crjstaU.  A  solution  of  these  in  cold  wa- 
ter affords  the  purest  prussiate  of  potash  that  can  be  pre- 
pared. 

For  the  vegetable  alkali,  either  soda  or  ammonia  may 
be  substituted  in  the  above  process,  if  they  be  preferred. 
If  a  sufficient  quantity  of  pure  barytes  cannot  be  had,  the 
sulphate  may  be  precipitated  by  acetate  of  barytes.  The 
acetate  of  potash,  thus  formed,  not  being  a  crystallizable 
salt,  remains  in  the  mother.liquor. 

5.  When  the  prussiate  of  potash  is  mixed  with  siil- 
phate  of  iron,  in  which  the  metal  is  as  Ittde  oxydized  as 
possible,  the  prussiate  of  iron  that  is  formed  is  of  a  white 
colour,  but  gradually  becomes  blue,  as  the  iron,  by  ex- 
posute  to  air,  acquires  more  oxygen.  (See  Proust's  Me- 
moir, in  Nicholson's  Journal.) 

6.  The  effect  of  a  sympathetic  ink  may  be  obtained, 
by  writing  with  a  pen  dipped  in  a  very  dilute  solution  of 
prussiate  of  potash.  No  characters  will  appear  till  the 
paper  is  moistened  with  sulphate  of  iron,  when  letters  ol 
a  Prussian  blue  colour  will  be  apparent.  The  experiment 
may  be  reversed,  by  writing  with  sulphate  of  iron,  and 
reodertng  the  characters  legible  b)*  prussiate  of  potash. 

V.  When  sulphate  of  iron  is  mixed  with  an  infusion 
of  galls,  we  obtain  a  black  solution,  which  is  a  new  com- 
bination of  oxide  of  iron,  with  the  gallic  acid  and  lan. 
The  galtate  and  tannate  of  iron  are,  therefore,  essential 
constituents  of  inks  ;  the  other  ingredients  of  which  are 
chieSy  added  with  the  view  of  keeping  these  suspended. 

In  order  that  the  iron  may  unite  with  the  gallic  acid 
and  tan,  it  must  be  comlMned  with  the  sulphuric  acid  in 
the  atatc  of  red  oxide  -,  for  the  less  oxydized  iron,  m  the 


i 


232  METALS.  CHAP.    XVIIJ 

green  salt,  does  not  form  a  black  compound  with  thei^ 
substances.  Iron  filings,  however,  diasolve  in  an  infusiot( 
of  galls  with  an  extrication  of  hydrogen  gas  ;  but  tht^ 
compound  ia  not  biack  till  after  exposure  to  air,  ' '  ' 
OKydizes  the  iron  still  farther.  This  solution  with 
cient  quantity  of  gum,  forms  an  excellent  ink. 

On  the  same  principle  may  be  explained  the  effect  _ 
metallic  iron  in  destroying  the  colour  of  ink.  When  ink 
ia  digested  with  iron  filings,  and  frequendy  shaken,  its 
colour  decays  i  and  it  also  becomes  colourless  after  hav- 
ing  a  stream  of  sulphuretted  hydrogen  gas  passed  through 
iu  In  both  these  cases  the  oxide  of  iron  is  punly  de- 
oxydized.  Characters  written  with  ink,  after  this  treat- 
ment, are  at  first  illegible,  but  become  black  as  the  iron 
acquires  oxvgen  from  the  air. 

(a)  Write  upon  paper  with  an  infusion  of  galls.  The 
characters  will  not  be  legible  till  a  solution  of  sulphate 
of  iroD  is  applied.  This  experiment  may  be  reversed  like 
the  preceding  one.     (IV.  6.) 

(i)  The  combination  of  iron,  forming   ink,  is  destroys 
ed  by  pure  and  carbonated  alkalies.     Apply  a  solution  t^ 
alkali  to  characters  written  with  common  ink,  the  blacli^ 
ness  will  disappear,  and  the  characters  will  become  broi 
an  oxiie  of  iron  only  remaining  on  the  paper. 

Alkalies,  added  cautiously  to  liquid  ink,  precipil 
the  black  combination,  but  an  excess  rff-disscJves  the  pi 
cipitale. 

(r)  Characters  which   have  been  thus   defaced, 
again  be  rendered  legible  by  an  infusion  of  galls, 

(d)  Ink  is  decomposed  by  most  acids,  which  separate 
the  oxide  of  iron  from  the  galhc  acid  in  consequence  of 
a  stronger  affinity.  Hence  ink-stains  are  removed  by  dU 
lute  murlntic  acid,  and  by  some  vegetable  acids.  Hence, 
also,  if  to  a  saturated  solution  of  sulphate  of  iron  there 
be  added  an  excess  of  acid,  the  precipitate  no  longer  ap- 
pears on  adding  infusion  of  galls. 

When  a  mixture  of  ink  is  heated  with  nitric  acid, 
yellow  oxalate  of  iron  is  formed,  and  is  precipitated 
adding  pure  ammonia. 

(e)  Ink  is  decomposed  by  age,  pardy  in  consequeuce 
of  the  farther  oxydation  of  the  iron,  and  partly,  perhapa, 
in  consequence  of  the  decay,  or  escape,  of  the  acid  of 
gidle.     Hence    ink-stains   degenerate   into 
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and  these  last  are  immet^atelv  produced  on  an  inked 
spot  of  linen  when  washed  with  soap,  because  the  alkaU 
of  the  soap  abstracts  die  gallic  acid,  and  leaves  only  an 
oxide  of  iron. 

{f)  Ink  is  decomposed  by  oxygenixcd  muriatic  acid, 
which  destroys  the  gallic  acid,  and  the  resulting  muriatic 
acid  dissolves  the  onde  of  iron. 

As  all  writing  inks,  into  the  composition  of  which  iron 
enters,  are  liable  to  decay  by  time,  and  to  be  destroyed 
by  various  agents,  an  ink  has  been  proposed  by  Mr.  Close, 
tite  basis  of  which  is  similar  to  that  of  printing  ink.— 
Take  oil  of  lavender  200  grains,  gum  copal,  in  powder, 
25  gnuns,  and  lamp-black  from  2f  to  3  grains.  With 
the  aid  oif  a  gentle  heat  dissolve  the  copal  in  the  oil  of 
lavender,  in  a  small  vial,  and  then  nux  the  lamp-black 
with  the  solution,  on  a  marble  slab,  or  other  smooth 'sur- 
face. After  a  repose  of  some  hours,  the  ink  must  be  sha^ 
ken  before  use,  or  stirred  with  an  iron  wire,  and,  if  too 
thick,  must  be  diluted  with  a  litUe  oil  of  lavender.  (See 
Nicholson's  Journal,  8vo.  ii.  145.)  This  ink  I  have  found 
extremely  useful  in  writing  labels  for  botdes  containing 
acids,  or  which  are  exposed  to  acid  fiimes  in  a  laborato^ 

VI.  Iron  is  dissolved  by  water  impregnated  with  car- 
bonic acid.  A  few  iron  filings,  when  added  to  a  bottle  of 
aerated  water,  and  occasionally  shaken  up,  impregnate  the 
water  with  this  metal.  The  solution  is  decomposed  by 
boiling,  and  in  a  less  degree  by  exposure  to  air. 

VII.  Iron  combines  with  sulphur,  and  affords  com- 
pounds; the  characters  of  which  vary  greatly  according 
to  the  proportions  existing  in  them,  {a)  A  paste  of  iron 
filings,  sulphur,  and  water,  if  in  sufficient  quantity,  will 
bunt,  after  some  time,  into  flame,  (jk)  A  mixture  of 
one  part  of  iron  filings  and  three  parts  of  sulphur,  accu^ 
rately  mixed,  and  melted  in  a  glass  tube,  at  the  moment 
of  union  exhibit  a  brilliant  combustion.  (N.  33.)  (c)  This 
sulphuret  of  iron,  when  moistened,  rapidly  decomposes 
oxygen  gas.  (d)  When  diluted  sulphuric  or  muriatic  acid 
is  poured  on  it,  we  obtain  sulphuretted  hydrogen  gas* 

These  sulphurets  are  magnetic,  unless  they  contain  sul- 
phur to  the  amount  of  46  per  cent. 

VIII.  Iron  combines  with  carbon  in  .various  propor- 
tions;  and  the  variety  of  proportion  occasions  verv  difie- 
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rcDt  properties  in  the  compound.     On  these  vitriebes,  and^fl 
the  occasianal  combination  of  a  small  proportion  of  oxjn^'tj 
gen,  depend  the  qualities  of  the  diflcrent  kinds  of  h 
used  in  the  arts,  as  cast-iron,  steel,  &c.  8(c.     A  distioc 
enumeration  of  these  varieties,  which  would  be  forcigl 
to  the  purpose  of  this  work,  ma)'  be  found  in  ParkinsoD^| 
Chemical  Pocket-book,  or  in  Thomson's  Chemistry*,  vol.  H 
p.  166.     The  quantity  of  carhon,  in  the  siib-carljurcts  o 
iron,  may  be  determined  by  solution  in  sulphurous  acid, 
which  dissolves  tl)c  iron  and  sulphur,  and  has  no  actioD 
on  carbon.     An  ingenious  mode,  also,  emplo)'ed  by  Mr. 
Mushct,  consists  in  ascertaining  the  quantity  of  Utiiarge, 
which  a  given  quantity  of  the  iroA  under  examination  is 
capa))Ie  of  reducing,  hy  fusion,  to  a  metallic  state. 

Another  combination  of  iron  and  carbon,  which  is  a 
true  carburet  of  iron,  is  the  substance  called  piumbagOt 
or  black  lead,  used  in  fabricating  pencils,  and  in  cover- 
ing iron.  By  exposure  to  the  combined  action  of  heat 
and  air,  tlie  carbon  is  burned  ofT.  and  the  oxide  of  'mm 
remains.  When  mingled  also  with  powdered  nttrace  of"  1 
poiiish,  and  thrown  into  a  crucible,  a  deflagration  cnsueftvf 
and  an  oxide  of  iron,  equal  to  about  1-lOth  the  weight  e~ 
the  plumbago,  may  be  obtained  by  washing  off  the  alkidbl 
of  tnc  nitre. 


Nickel, 


I.  To  obtain  nickel  in  a  state  of  purity,  ihir  i 
usually  sold  under  chat  name  must  he  dissolved  in  dihited 
nitric  acid  \  the  solution,  evaporated  to  dryness  ;  and  the 
drj-  mass  must  again,  for  three  or  four  times,  be  alternate- 
ly dissolved  in  the  acid,  and  boiled  to  dr^'ness.  After  the 
l-att  evaporation,  the  mass  must  be  dissolved  in  a  solution 
of  pure  ammonia;  which  has  been  proved,  by  its  occa- 
sioning no  precipitation  from  muriate  of  lime,  to  contatc 
no  carbonic  acid.  The  solution  is  next  to  be  evaporated 
to  dr)-ness  ;  and,  after  being  well  mixed  with  twice  or 
thrice  Hs  weight  of  black  flux, 
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lent  heat  in  a  crucible  for  half  or  three  quarters  of  an 
houn 

Another  process  for  purifymg  nickel,  is  given  by  Rich- 
ter,  in  Nicholson^s  Journal,  xii.  75.  Its  properties,  in 
this  "state  of  purity,  he  describes  as   follows : 

1.  Its  colour  is  intermediate  between  those  of  silvei^ 
and  tin. 

2.  It  is  not  oxydized  by  exposure  to  the  air. 

3.  It  is  perfecdy  malleable ;  may  be  forged  into  bars 
when  hot ;  and  hammered  into  plates  when  cold.  When 
cast,  its  specific  gravity  is  8.279;  and  when  forged,  8.666. 

4).  In  infusibility  it  appears  to  equal  manganese. 

5.  In  a  sufficiendy  high  temperature,  its  oxides  are  re- 
ducible without  addition ;  nor  is  it  more  taniiished  by  a 
8ttx>ng  heat  than  gold,  silver,  or  platina.  It  ranks,  there- 
fore, among  the  noble  or  perfect  metals. 

6.  The  magnet  not  only  acts  on  nickel,  widi  a  force 
little  inferior  to  what  it  exerts  on  iron ;  but  nickel  itself 
^u:quire8  polarity  in  the  usual  modes. 

7.  The  sulphuric  and  muriatic  acids  have  little  acdon 
on  nickeL  Its  appropriate  solvents  are  the  nitric  and  ni- 
tro-muriatic  acids.  The  nitric  solution  has  a  beaudful 
grass-green  colour.  Carbonate  of  potash  throws  down 
an  apple-green  precipitate,  which .  assumes  a  dark-grey 
colour  when  heated. 

8.  When  pure  ammonia  is  added  to  nitiate  of  nickel, 
-a  precipitate  is  formed,  resembling  that  from  a  solution 
of  copper,  but  not  so  deep.  This  colour  changes,  in  an 
hour  or  two,  totui  amethyst  red,  and  to  a  violet;  which 
colours  are  converted  to  apple-green  by  an  acid,  and 
again  to  blue  and  violet  by  ammonia.  If  the  precipitate 
retain  its  blue  colour,  the  presence  of  copper  is  indicated. 
(See  Richter,  in  Nich.  Joum.  xii.) 

9.  From  die  solutions  of  nickel,  prussiate  of  potash 
throws  down  a  sea-green  precipitate. 

10.  Tincture  of  galls  produces  no  change  in  these  so- 
lutions. 

11.  The  soluuon  does  not  deposit  its  metal  either  on 
polished  iron  or  zinc,  when  immersed  in  it.  (See  Kla- 
protb's  Analytical  Essays,  vol.  1.  p.  433.) 
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Tin. 

The  properties  of  tin  must  be  examined  in  the  state 
block  tin  ;  what  is  commonly  known  bj-  the  name  of  til 
bfing  nothing  more  than  iron  pluics  with  »  thin  covei 
ol  this  mctai. 

I.  Tin  melts  on  the  application  oPa  moderate  heat ; 
a  long  continuance  of  which  it  is  converted  into  a  g 
powder.  This  powder,  when  mixed  with  pure  glass,  foi 
a  white  enamel. 

II.  Tin  is  notoxydized  by  exposure  to  air  with 
concurrence  of  moisture  j  a  property  which  is  the  fo 
dation  of  its  use  in  cohering  iron. 

HI.  Tin  amalgam:itcs  readily  with  mercury;  and  thii 
compound  is  much  used  in  the  silvering  of  looking'- 
gtMsses.  It  is  formed  by  adding  gradually  three  parts 
of  mercury  to  twelve  of  tin  melted  in  an  iron  ladle,  and 
stirring  the  mixture. 

iV.  Tin  dissolves  in  sulphuric  acid,  which  takes  up, 
when  concentrated  and  heated,  half  its  weight.  It  is 
dissolved  also  by  this  acid,  dikiied  with  a  small  propor- 
tion of  water,  and  heated.  During  both  these  processes, 
sulphurous  acid  ia  discng:iged ;  and  in  the  latter,  a  pel«_ 
licle  of  sulphur  forms  on  the  surface  of  the  soluti< 
which  precipitates  on  cooling. 

V-  Concentrated  nitric  acid  attacks  tin  with  great  vitv 
Icnce  i  and  an  imperfectly  saturated  solution  is  obtained. 
The  diluted  acid  oxidizes  tin,  which,  at  the  same  moment, 
decomposes  both  the  acid  and  water ;  and  the  azoiu  and 
hydrogt-n,  uniting,  constitute  ammonia. 

V!.    Muriiitic   acid,  undiluted,  is  the  proper  solvent 
tin.     To  one  part  of  tin,  in  a  tubulated  rttort,  two  paruj 
of  concentrated  muriatic  acid  are  lo  be  added,  and  hi 
applied.     The  solution  is  compli-te  ;  and,  when  finishci 
the  liquid  has  an  amber  colour,  and  an  offensive  amcU.- 
This  solutionis  applied  to  imjioriant  purposes  in  the 
of  dyeing.     It  has  the  property  of  reducing,  to  a  mint- 
mum  of  oxvdizeraent,  those  compounds  of  iron  in  whic^ 
the  metal  is  fully  oxydizcd.     For  example,  it  reduces  the 
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yeUow  sulphate  to  the  green.     It  is  a  test  also  of  gold  and 
platina,  as  already  noticed. 

VII.  Tin  may  be  brought  to  combine  with  the  oxygen- 
ized muriatic  acid,  by  first  forming  it  into  amalgam  with 
mercury,  triturating  this  with  an  equal  weight  of  muriate 
of  mercury,  and  distilling  the  mixture.  The  result  is  a 
liquid  which  emits  dense  white  fumes,  when  exposed  to 
the  air,  and  was  formerly  termed  the  fuming  liquor  of  Li- 
bavius. 

This  compound,  according  to  the  researches  of  Adet,  is 
an  oxygenized  muriate  of  tin,  perfectly  free  firom  water, 
and  huving  a  strong  ai&nity  for  that  fluid.  Hence  arises 
its  fuming  property ;  for  the  white  vapours,  which  exhale 
when  the  bottle  is  unstopped,  arise  from  the  union  of  the 
salt  with  the  humidity  of  the  air. 

VIII.  The  oxide  of  tin,  combined  with  sulphur,  affords 
a  compound  of  a  bright  gold  colour  and  lustre,  which  has 
hence  been  termed  aurum  musivum. 


SECT.  XII. 
Lead. 

1.  1 .  Lead,  when  melted,  and  exposed  to  the  action  of 
the  air,  becomes  covered  with  a  pellicle  of  oxide.  By 
long-continued  exposure  to  heat,  it  is  converted  into  ox- 
ides of  different  colours.  This  oxydation  it  is  difficult  to 
exhibit  on  a  small  scale.  The  oxides  of  lead  may,  there- 
fore, be  examined  as  they  are  found  in  the  shops,  in  the 
states  of  minium,  or  red  lead,  massicot,  and  litharge.f 

2.  The  oxides  of  lead  give  up  .their  oxygen  on  the  ap- 
plication of  heat.  (N.  34.)  When  distilled  in  an  earthen 
retort,  they  afford  oxygen  gas ;  and  still  more  readily 
when  distilled  with  the  sulphuric  acid. 

To  obtain  oxygen  gas,  concentrated  sulphuric  acid  may 
be  poured  on  the  red  oxide  of  lead,  contained  in  a  gas- 
bottle,  and  a  gentle  heat  applied.  The  gas,  thus  obtain- 
ed, after  being  agitated  with  water,  is  sufficiently  pure  for 
common  purposes. 

f  For  Inlkr  luibrmation  respectizig  the  oxides  of  lead,  consult  Nick. 
Jouro.  Till.  sSo. 


338 


MKTaL! 


VKhf,  XVUl. 


3.  Tlio  oxides  of  lemi  arc  also  reduced,  by  bt'mg  ig- 
nited with  combiisliblc  matter.  Thus,  when  a  mixture  of 
red  oxide  of  Icxd  tind  charcoal  is  made  rcd-hoi  in  a  cruci- 
ble, u  butiun  of  metallic  Itrad  will  he  found  ut  the  bottom 
of  the  \'cssd. 

II.  Pure  water  has  no  action  on  lead;  but  it  lakis  up 
a  small  projxtrtion  of  the  oxide  of  that  metal.  When 
left  in  contact  with  water,  and  with  the  access  of  aimo- 
spherical  air,  lead  soon  hccomes  oxjdized  and  diesolved, 
especially  if  agitation  be  used.  Hence  the  dang<~r  of 
leaden  pi|»cs  and  vcswU  for  containing  wat^r,  which  is 
intended  <br  drink.  VVatcruppean  aUo  to  act  mon-  readi- 
ly on  lead,  when  impregnated  with  the  neutral  salts  that  are 
ocrnAionally  prc-wat  in  «pring-waicr.f 

III.  Of  alltlic  acids  the  nitric  acts  most  strongly  on 
lead,  nitrous  gufl  being  diseng^igcd  during  ihc  solution. — 
A  portion  of  the  lead,  however,  forms  an  insoluble  grey- 
powder,  which  is  proliably  lead  ox)dized  in  too  great  a 
(Icgtve  tn  be  soluble  in  the  acid.  From  this  solution, 
sulphuric  and  muriatic  acids  throw  down  an  insoluble 
precipitate.  The  muriate  of  lead,  after  being  washed  in 
distilled  water  and  dried,  and  tlivn  fus'.d  in  a  crucible, 
forms  a  substance,  which  has  the  ae  mi-trans  pan:  ncy  and 
tenacity  of  horn,  and  h  called  piumbum  Lorneum. 

IV.  The  oxides  of  lead  decompose  muriate  of  soda. — 
Mix  two  parts  of  finely  powdered  red  lead  with  one  of 
common  salt,  and  form  the  whole  into  a  paste  with  wa- 
ter, adding  more,  occasionally,  as  the  mixture  becomes 
dt)'.  The  alkali  will  be  disengaged,  and  the  muriatic  acid 
will  unite  with  (he  oxide  of  lead.  Wash  off  ihc  alkali, 
dry  (he  white  mass,  and  fuse  it  in  a  crucible.  It  will  form 
the  pigment  called  mineral,  or  patent  yellow. 

V.  Lead,  when  exposed  to  the  vapour  of  vinegar,  U 


slowlv  corroded  into  a  sub-acetate.  This,  when  fliit^ol- 
ved  in  distilled  vinegar  and  crjstallizcd,  forms  acetate  of 
lesid,  or  sugar  of  lead.  This  acetate  of  lead,  and  indeed 
all  the  soluble  salts  of  lead,  an-  decomposed  by  sulpHu^ 
icttcd  hydrogt-n  gsis.  Hence  characters,  written  with  "" 
late  of  ]-;nd,  become  legible  on  exposure  to  sul))huretti 
hydrogen  gas. 

VI.  The   oxides  of  lead  have  tht  property  of  uniting 


t  On  ihf  prriena  of  lewl  in  water,  comult   Dr.  Lunbc'l ' 

rt>i>c«ing  Spring  Water,"     8vo.     Londnn.     Johnson. 
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with:  uhrei  hf  foskm ;.  and,  when  added  ta  the  ui(p?e^ 
dieots  d  glass,  they  incriease  ite  transparency,  and  rendeir 
it  less  brittle,  so  as  to  ado^of  being  ground  and  polish- 
ed. Hence  an  oxide  of  lead  is  an  essential  constituent 
of  flint-glass. 

SECT.  XIII. 

Zinc.* 

I.  Zinc  ia  melted  by  a  mod^raite  heat ;  and  the  fused 
mass,  on  cooling,  forms  regular  cr^'stals. 

It.  Though  scarcely  alt<rr«d  by  exposure  to  the  air  9ft  a 
low  temperature,,  yet  it  is  rapidly  oxydized  1^  oneamount- 
ihg  to  ignition. 

When  kept  in  a  degree  of  heat,  barely  sufficient  for  its 
fiision,  zinc  becomes  covered  vrith  a  grey  oxide.  But 
when  thrown  into  a  crucible,  or  deep  earthen  pot,  heated 
to  whiteness,  it  sudden^  inflames,  i  bums  with  a  beauti» 
fill  white  flame ;  and  a  white  and  light  oxide  sublimes, 
having  a  considerable  resemblance  to  carded  wooL  This 
oxide,  however,  when  once  deposited,  is  no  longer  vo- 
latile ;  but,  if  expoted  to  a  violent  heat,  runs  mto  glass. 

III.  Zinc  readily  dissolves  in  sulphuric,  nitric,  andmu- 
riauc  acids.  With  nitric  acids,  it  yields  nitrous  gas,  if  the 
acid  be  concentrated ;  or  mtr^us  oidde,  if  diluled.  Sulphu- 
ric and  muriatic  acids,  diluted  with  water,  evolve,  during 
their  action  on  this  metal,  hydrogen  gas ;  and  the  gas, 
when  obtiuned,  holds  in  combina£on  a  portion  of  the 
metal.  A  stream  of  it,  burned  in  Cuthbertson's  appara- 
tus (PL  IV.  fig.  34.)  has  been  fioupd,  if  recently  prepared^ 
to  occasion  the  fusion  of  the  platina  wire,  though  the 
pure  gas  is  destituteof  tlus  prc^Krty.  This  hydrogen  gpis, 
hokhng  zinc  in  solutioii^. may  also  be  obtained  b}'  a  pro- 
cess of  Vauquelin.  A  mixture  of  the  ore  oi  sunc,  called. 
Uende,  or  calamine,  with  charcoal^  lA.  to  be  pMt.into  a 
porcelain  tube,  which  is  to  he  placed  hprizcotally  in  a^ 
nimace,  and,  .when  red-hot,  the  vapour  of  water  is  to  ba 
driven  over  it.  The*  gsa,  that  is  produoed, .  however,,  is  -a? 
mixtuiie  of  carboinc  acid,  carburetSted  (lydrog^  and  hy- 

*  The  diicoTecf  of  the  maUetbilitj  of  sisc,  when  heated,  it  aittwwioed 
in  Phil.  Mag.  toI.  zxiii. 
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drcMtincic  gas.  The  zinc  is  deposited  on  the  surface  of 
the  water,  by  which  this  giis  is  confinfd ;  but,  if  bumed 
when  recently  prepared,  the  gas  exhibits,  in  consequence 
of  this  impregnation,  a  blue  Same. 

IV.  The  solution  of  zinc  in  sulphuric  acid  shoots  into 
itgular  crystals.  This  salt  is  readily  soluble  ;  and  iw  so- 
lution is  not  precipitated  bj  any  other  nitlal.  Tht  mu- 
riate of  zinc  yields,  when  evaporated,  an  extract  of  thick 
consistence,  having  the  viseiditj  of  bird-lime. 

V.  Zinc  is  oxydized  also,  when  bailed  with  solutions 
of  pure  alkalies ;  and  a  portion  ol  the  oxide  is  retained  iD 
solution. 

VI.  It  is  oxydized  when  mixed  with  nitre,  and  ( 
ject^d  into  a  red-hot  crucible.     In  this  case  a  violent  d 
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HETALS  THAT  ARE  BRITTLE  AND  EASILY  PITSED. 


SECT.    XIV. 


Bhnmth, 

I.  Bismuth  is  one  of  the  most  fusible  metals ;  and  il 
forms,  more  readily  than  most  other  metals,  distinct  crys- 
tals by  slow  cooling. 

II.  When  kept  melted  at  a  moderate  heat,  it  becomes 
covered  with  an  oxide  of  a  greenish-grey  or  brown  co- 
lour. In  a  more  violent  heat  it  is  volatile,  and  tnay  be 
sublimed  in  close  vessels ;  but,  with  the  access  of  air,  it 
emits  a  blue  flame,  and  its  oxide  exhales  in  a  yellowish 
smoke,  condensible  by  rold  bodies.  This  oxide  is  very 
fusible ;  and  is  convertible,  by  heat,  into  a  yellow  trans- 
parettt  glass. 
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III.  Sqlphartc  aeid  acts  on  bismuth,  and  sulphurous 
acid  is  disengaged.  A  part  of  the  bismuth  is  dissolved; 
and. the  remainder  is  changed  into  an  insoluble  oxide. 

IV.  Nitric  acid  dissolves  bismuth  with  great  rapidity. 
To  one  part  and  a  half  of  nitric  acid,  at  distant  intervals, 
add  one  of  bismuth,  broken  into  small  pieces.  The  solu- 
tion is  crystallizable.  It  is  decomposed  when  added  to 
water ;  and  a  white  substance  is  precipitated,  called  ma- 
gistery  of  bismuth,  or  pearl-white.  This  pigment  is  de- 
fective, inasmuch  as  it  is  liable  to  be  changed  by  sulphu- 
retted hydrogen,  and  by  the  vapours  of  putrefying  sub- 
stances in  generaU 

V.  Muriatic  acid  acts  on  bismuth.  The  compound, 
when  deprived  of  water  by  evaporation,  is  capable  of  be- 
ing sublimed,  and  affords  a  soft  salt,  which  deliquesces 
into  what  has  been  improperly  called  butter  of  bismuth. 

VI.  Bismuth  is  capable  of  forming  the  basis  of  a  sym- 
pathetic ink.  The  acid,  employed  for  this  purpose,  must 
be  one  that  does  not  act  on  paper,  such  as  the  acetic. 
Characters  written  with  this  solution  become  visible,  when 
exposed  to  sulphuretted  hydrogen. 


SECT.  XV. 
Antimony^ 

I.  Antimony,  as  it  occurs  under  that  name  in  the  shops^ 
is  a  natural  compound  of  the  metal  with  sulphur.  To  ob- 
tain it  in  a  metallic  state,  the  native  sulphuret  is  to  be 
mixed  with  tM^o-thirds  its  weight  of  acidulous  tartrite  of 
potash  (in  the  state  of  crude  tartar,)  and  one-third  of  ni- 
trate of  potash  deprived  of  its  water  of  crystallization. 
The  mixture  must  be  projected,  by  spoonfuls,  into  a  red- 
hot  crucible ;  and  the  detonated  mass  poured  into  an  iron 
mould  greased  with  a  little  fat.  The  antimony,  on  ac- 
count of  its  specific  gravity,  will  oe  found  at  the  bottom 
adhering  to  the  scorie,  from  which  it  may  be  separated 
by  the  hammer.  Or  three  parts  of  the  sulphuret  may  be 
fused  in  a  covered  crucible  with  one  of  iron  filings.  The 
sulphur  quits  the  antimony,  and  combines  with  the  iron. 

II.  Antimony  in  its  metallic  state  (sometimes  called  re* 

Hh 


gulus  of  anlimaiitf)  is  of  a  silvery  while  colour,  verj'  brit- 
tle, and  of  aplutcd  or  acaly  texture. 

III.  It  is  fused  by  a  tnudcrati:  heat;  and  crystallizes, 
on  cooling,  in  tlit  form  of  pyramids.  In  close  vessels  it 
may  he  volulilized,  and  collected  unchanged. 

V.  h  undergoes  Ltile  thange  when  exposed  to  the 

^'Mmosphere  at  its  ordinary  temperature  i  but  when  fused, 

rith  the  access  of  air,  it  emits  white  fumes,  consisting  of 

jn  oxide  of  the  metal.     This  oxide  had  formerly  the  name 

•^ot  JifnuerK  of'  antimony. 

".  Antimony  combines  with  phosphorus  and  sulphur. 

'■  With  the  latter  an  artificial  sulphurel  is  formed,  exactly 

r,Te3cmbhng  the  native  compound,  which  last  may  be  em- 

]  •ployed,  on  account  of  its  cheapness,  for  exhibiting  the 

properties  of  this  combinaUon  of  antimony. 

1.  When  native  sulphuret  of  antimony  (frequently  call* 
cd  crude  antimony)  is  slowly  roasted  in  a  shallow  vessel, 
it  gradually  loses  its  sulphur,  the  metal  attracts  oxygen, 

•  amcl  is  converted  into  a  grey  oxide.     This,  being  melted 
I  iin  a  strong  heat,  acquires  a  reddish  colour,  and  runs  into 
'  A  glassy  substance,  transparent  at  its  edges,  and  termed 
glass  of  anlrinony.*^ 

2.  When  fused  with  potash,  a  triple  compound  is  formed, 
composed  ol  alkali,  sulphur,  and  antimony.  Or  ibe  com- 
bination ma^  be  effected,  in  the  humid  way,  by  boiling 
the  powdered  native  sulphuret  with  pure  potash-  The 
solution,  on  cooling,  deposits  an  hydro- sulphuretted  ox- 
"  *      in  which  the  oxide  prevails,  called  Kcrmes  mineral. 

■  The  addition  of  a  dilute  aud  to  the  cold  solution,  preci- 
pitates a  compound,  having  the  same  ingredients,  but  a 
Lirg.T  proportion  of  sulphur,  and  called  golden  sulphur  of 
antimony. 

3.  When  the  sulphuret  of  antimony  is  detonated  with 
(■powdered  nttrc,  the  sulphur  is  ox)genated  by  the  ox)gen 
W  of  the  nitric  acid ;  sulphate  of  potash  is  formed,  and  an 
"  oxide  of  antimony  is  obtained,  varying  in  its  degree  of 
[ •»X>eenizement,  with  the  proportion  of  nitre  employed- 

■  The  oxide  remains,  alter  washing  away  the  sulphate  with 
'Wiling  water.     If  four  times   its  weight  of  nitre  be  cm- 

'ed,  the  metal  gaius  32  per  cent,  of  oxj'gen,  i 
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quires  somewhat  of  the  character  of  an  add ;    since  it 
forms,  with  potash,  a  cr)'stallizable  compound. 

VI.  Anumony  is  dissolved  by  most  of  the  acids*  Sul- 
phuric add  is  decomposed ;  sulphurous  acid  being  disen- 
gaged, and  an  oxide  formed,  of  which  a  small  proportion 
only  is  dissolved  by  the  remaining  acid.  Nitric  acid  dis- 
solves this  metal  widi  great  vehemence  ;  muriatic  acid  acts 
on  it  by  long  digesdon  ;  but  the  most  convenient  solvent  is 
the  nitro-muriatic  acid,  which,  with  the  aid  of  heat,  dis- 
solves it  from  the  native  sulphuret.  With  oxygenized 
muriatic  acid,  it  forms  a  compound  of  a  thick  consists 
ence,  formerly  called  butter  of  antimony.  This  may  be 
formed,  by  exposing  black  sulphuret  of  antimony  to  the 
fumes  of  ox)'genized  muriatic  acid,  and  subsequent  distil- 
lation ;  or  by  distilling  the  powdered  regulus  with  twice 
its  weight  of  corrosive  muriate  of  mercury.  The  metal 
becomes  highly  ox}'dized,  and  unites  with  muriatic  acid, 
in  its  simple  state.  On  pouring  this  compound  into  wa- 
ter, a  white  oxide  falls  down,  called  powder  of  algaroth. 

VII.  Antimony  is  susceptible  of  various  states  of  oxy- 
dizement*  The  first  oxide  may  be  obtained  by  washing 
algaroth  powder  with  a  little  caustic  potash.  It  is  com- 
posed of  18f  oxygen,  and  81 1  metal.  That  formed  by 
the  action  of  nitric  add  on  antimony  contains  77  metal, 
and  23  oxygen. 


SECT.  XVI* 

Telluriunu 

I.  Tellurium  was  discovered,  by  Klaproth  (Contributions, 
II.  1.)  in  an  ore  of  gold.  His  process,  for  extracting  it,  con- 
sists in  the  solution  of  the  ore  by  nitro-muriatic  acid,  dilu- 
ted with  water,  and  the  addition  of  pure  potash,  which 
throws  down  all  the  metab  that  are  present ;  and,  when 
added  in  excess,  re-dissolves  a  white  precipitate,  which 
it  at  first  occasions*  To  the  alkaline  solution,  muriatic 
acid  is  then  added  ;  a  precipitate  again  appears  ;  and  this, 
when  dried,  and  heated  with  1-1 2th  its  weight  of  char- 
coal, or  with  a  small  quantity  of  oil,  in  a  glass  retort, 
yields  tellurium,  in  the  form  of  small  brilliant  metallic 
drops,  lining  the  upper  part  of  the  body  of  the  retort. — 
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One  hundred  parts  of  the  ore  yield  above  90  of 
rium. 

n.  1.  The  colour  of  this  mcwl  is  un-white,  verging  to 
lead-grey ;  it  has  considi-mble  lustre,  and  a  foliated  or 
scaly  fracture.  It  is  very  brittle  ;  is  fusible  at  a  tcmpe- 
raiurc  below  ignition;  and,  excepting  osmium  and  quick- 
silver, is  the  most  volatile  of  all  metuls.  It  is  the  light- 
est i>f  the  metals,  having  the  specific  gravity  of  only 
6.1  US. 

3.  It  is  oxydizcd  whc'ti  ht-atcd  in  contact  with  air ;  and 
burns  with  a  sky-blue  flume,  edged  with  green.  Upon 
charcoal,  before  the  blow-pipe,  it  iofliimes  with  a  vio- 
lence resembling  di  tonatiou  ;  exhibits  a  vivid  flame  ;  aod 
cntirelj'  flies  oft  in  a  grey  smoke,  having  a  peculiarly  nail* 
seoua  smell.  Its  oxide  is  not  reduced  without  die  addi- 
tion of  combustible  matter. 

3.  It  is  soluble  in  nitric  and  nitro- muriatic  acids, 
satur.ited  solution  is  decomposed  by  the  mere  addition 
water,  which  throws  down  a  white  powder;  but  this 
again  dissolved  on  adding  more  water.  From  itssolu- 
lions  it  is  precipitated  in  a  metallic  form,  by  iron,  zinc, 
tin,  and  even  by  muriate  of  tin.  Carbonated  and  pure 
alkalies  precipitate  the  telluric  oxide  of  a  white  colour  -, 
and  the  oxide  is  re-dissolved  by  an  excess  of  alkali  or  car- 
bonate. Alkaline  sulphurets  throw  down  a  dark-brown 
or  blackish  precipitate.  Tinclurc  of  galls  produces  a  lloe- 
culent  yellow  precipitate.  The  solutions  of  this  metal  in 
acids  are  not  decomposed  by  prussiate  of  potash  ;  a  pro- 
perty which  tellurium  possesses  in  common  with  gold, 
plauna,  iridium,  osmium,  rhodium,  and  antimony. 


I.  Arsenic,  as  it  is  to  be  found  in  the  shops,  occurs  in 
the  swte  of  a  white  oxide,  from  which  the  metal  may  be 
obtained  by  the  following  process.  Mix  two  parts  of  the 
white  oxide  with  one  part  of  Uock  flux  (prepared  by  dc^ 
tonating,  in  a  crucible,  one  part  of  nitre  with  two 
cr>-9tals  of  tartar;)  and  put  the  mixture  inlo  a  crucil 
Invert  over  this  anodier  crucible  ;  lute  the  two  logei 


I 
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hf  a  mixture  of  clay  and  sand ;  and  apply  a  red  heat  jto 
the  lower  one.  The  arsenic  will  be  r^uced ;  and  will 
be  found  lining  the  inside-^of  the  upper  crucible  in  aatate^ 
of  metallic  brilliancy.  ^^ 

-  II.  Arsenic  is  oxydized  by  mere  exposure  to  the  atmo* 
sphere.  It  soon  becomes  tarnished;  loses  its  metallic 
Kistre ;  and  is  changed  into  a  blackish  oxide. 

III.  It  is  readily  fusible,  and  is  volatilized  at  356^.  In 
close  vessels  it  may  be  collected  unchanged;  but  .when 
thrown  on  a  red-hot  iron,  it  boms  with  a  blue  flame  and 
a  white  smoke ;  and  a  strong  smell  of  garlic  is  perceived. 

IV.  All  the  mineral  acids  act  on  arsenic ;  but  not  con- 
siderably, unless  they  are  heated.  In  the  oxygenized  mu- 
riatic acid  gas,  however,  arsenic  bums  vehemently. 

-  V.  A  mixture  of  oxy-muriate  of  potash  and  arsenic 
furnishes  a  detonating  compound,  which  takes  fire  with 
the  rapidity  of  lightning.  The  salt  and  metal,  first  sepa- 
rately powdered,  may  be  mixed  by  the  gendest  possible 
triture,  or  rather  by  sUrring  them  together  on  paper  with 
a  knife  point.  If  two  long  trains  be  laid  on  a  table,  the 
one  of  gunpowder  and  the  other  bf  this  nuxture,  and  they 
be  in  contact  with  each  other  at  one  end,  so  that  they 
may  be  fired  at  once,  the  arsenical  mixture  burns  with 
die  rapidity  of  lightning,  while  the  other  burns  with  com* 
paratively  extreme  slowness. 

VI.  Arsenic  has  the  property  of  giving  a  white  atain 
to  copper.  Let  a  small  bit  of  metallic  arsenic  be  put  be» 
tween  two  small  plates  of  copper ;  bind  these  closely  to* 
gether  with  iron  wire ;  and  heat  them,  barely  to  redness, 
in  the  fire.  The  inside  of  the  copper  plates  will  be  stain- 
ed white. 

VII.  The  white  oxide  of  arsenic  has  the  following  pro- 
perties: 

1.  It  has  an  acrid  taste,  and  is  highly  poisonous. 

2.  It  is  soluble  in  water,  which,  at  the  ordinary  tem- 
perature, takes  up  l-<60th.  According  to  La  Grange,  it 
IS  soluble  in  l-24th  of  cold  water,  or  l-15di  of  hot. 

3.  Oxide  of  arsenic  combines  with  the  pure  alkalies  to 
saturation ;  and  hence  it  fulfils  one  of  the  principal  fun<^ 
tions  of  an  acid.  It  has  therefore  been  c^ed  artenom 
acid,  and  its  compounds  areenites.  They  may  be  fiormed 
by  simiply  boiling  the  acid  with  a  pure  alkaline  aolutioii. 

4.  The  arsenous  acid,  by  distillation  with  sulphur,  af- 
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fords  either  a  yellow  aubstance,  called  orpiment,  or  a  retfta 
one,  termed  realgar.  Both  these  compounds  are  sulphu- J 
retted  oxides  of  arsenic,  varying  in  the  proportion  on 
their  components.  The  hvdro-sulphurets,  also,  throWi^ 
down  a  yellow  precipitate  from  solutions  of  arsenous  acid. 
Sulphate  of  copper,  mixed  with  arsenitc  of  potash,  gives 
abeautiful  precipitate,  called,  from  its  discoverer,  Schecle's 
green. 

5.  By  repeated  distillation  with  nitric  acid,  arsenous 
acid  is  changed  into  arsenic  acid.  The  same  change  is 
effected,  also,  by  exposure  to  the  vapour  of  oxygenized 
muriatic  acid,  and  the  expulsion,  by  heat,  of  the  com- 
raon  muriatic  acid.  By  both  these  processes,  a  white 
concrete  substance  is  obtained,  termed  arsenic  acid. 

VIII.  1-  The  arsenic  acid  has  a  eour,  and  at  the  same 
time,  a  metallic  taste.  It  reddens  vegetable  blues;  at> 
tracts  humidity  from  the  atmosphere,  and  effervesces 
strongly  with  solutions  of  alkaline  carlionates.  With  id- 
kalics,  earths,  and  oxides,  it  constitutes  a  class  of  salts 
called  arsenates.  The  arsenate  of  potash  may  be  obtained 
in  a  more  simple  manner,  by  detonating,  in  a  crucible,  a 
mixture  of  nitrate  of  potash  with  arsenous  acid. 

2.  When  tin  is  dissolved  in  arsenic  acid,  an  inflam- 
mable gas  is  disengaged,  as  was  observed  by  Schecle, 
consisting  of  hydrogen  gas,  holding  arsenic  in  soluiion. 
It  may  be  obtained,  also,  by  adding  jiowdered  metallic  J 
arsenic  to  a  mixture  of  diluted  sulphuric  acid  and  zln 
filings, 

The  gas  has  Uie  following  properties : 

(a)  It  is  a  permanently  elastic  and  invisible  fluid,  of  the^l 
specific  gravity,  compared  with  common  air,  of  0.5S93. 

(4)  Ii  has  a  fetid  smell,  resembling  that  of  garlic. 

((■)  It  extinguishes  burning  bodies. 

{d)  It  is  not  absorbed  by  water  in  any  notable  dcgreeji 
and  has  no  effect  on  die  blue  colours  of  vegetables.  I 

(e)  It  burns   with  a  lambent  white  flame,  and  a  dis^fl 
agreeable  odourj  and  emits,  during  combustion,  (times  o' 
arsenous  acid. 

(/)  When  mingled  with  oxj'genized  muriatic  acid  g 
heat  is  produced,  a  diminution  ensues,  and  metallic  arse- 
nic is  deposited.  Soap  bubbles,  blown  with  a  mixture  of 
this  and  oxygen  gases,  bum  with  a  blue  flame,  a  while 
smoke,  and  a  strong  alliaceous  smell. 
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(jg)  A  stream  of  arsenated  hydrogen  gas,  issubg  from 
a  bhdder  fitted  with  a  stop-cock,  and  set  on  fire  in  a 
large  receiver  filled  with  oxygen,  bums  with  a  blue  -flame 
of  uncommon  splendour. 

(h)  One  cubic  inch  of  the  gas  contains  about  l-4th  of 
a  grain  of  metallic  arsenic. 

For  its  remaining  properties,  consult  Tromsdorff's  Me- 
moir in  Nich.  Joum.  vi.  200. 


THIRD  CLASS. 


BRITTLE,  AND   DIFFICULTLY    FUSED. 

SECT.  XVIII. 

Cobalt. 

I.  Cobalt  may  eidier  be  obtained  from  a  substance, 
which  may  be  purchased  under  the  name  of  zaflFre,  by 
fusing  the  zaffire  with  three  times  its  weight  of  black  flux ; 
or  it  may  be  purchased  at  a  moderate  price,  in  a  metallic 
form. 

To  obtain  cobalt  in  a  perfecdy  pure  state,  Tromsdorff 
recommends  that  the  zafire  should  be,  three  times  suc- 
cessively, detonated  with  one-fourth  its  weight  of  dry 
nitre,  and  one-eighth  of  powdered  charcoal.  After  the 
last  of  these  operations,  the  mass  is  to  be  mixed  with  an 
equal  weight  of  black  flux,  and  the  cobalt  reduced.  The 
metal  is  then  pulverized,  and  detonated  with  thrice  its 
weight  of  dried  nitre.  This  oxy dizes  the  iron  to  its  maxi- 
mum ;  and  acidifies  the  arsenic :  which  last  unites  with 
the  potash.  Wash  oS*  the  arsenate  of  potash,  and  di- 
gest the  residue  in  nitric  acid.  This  will  take  up  the  ox- 
ide of  cobalt,  and  leave  the  oxide  of  iron.  Evaporate  to 
dryness  ;  re-dissolve  in  nitric  acid ;  filter  the  solution ; 
and  decompose  it  by  a  solution  of  potash*     The  oxide  of 
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cobalt,  now  abtaioed,  may  be  reduced  by  the  blacli  flux, 
as  before  directed. 

II.  Cobalt  has  a  white  colour,  inclining  somewhat  to 
pink.  By  expofiurc  to  the  atmosphere  it  is  taniishcd,  but 
not  o.\i,di7.cd  to  any  exteot.  In  an  inteose  heat  it  bums 
with  a  red  flame  ;  but,  if  jiiire,  it  is  not  easily  oxydizcd 
by  a  niodcrdic  temperature.  Its  oxide  is  of  a  deep  blue, 
approaching  to  black. 

III.  Cobalt  is  magnetic  ;  at  least  this  property  is  gene- 
rally imputed  to  it  even  by  late  writers;  but  Mr.  Che- 
nevJK  suspects  that  it  is  owing  to  the  presence  of  a  small 
admixture  of  iron, 

IV.  The  best  solvents  of  coba\t  are  the  nitric  and  nt- 
iro-muriatic  acids  ;  and  the  solutions  have  ihe  singular 
property  of  forming  sympathetic  inks.  One  part  ot  co 
ball,  or,  still  better,  of  zaffre,  may  be  digested,  in  a  sand 
heat,  for  some  hours,  with  four  parts  of  nitric  acid.  To 
the  solution,  add  one  part  of  muriate  of  soda  ;  and  dilute 
with  four  parts  of  water.  Characters  written'  with  this  so- 
lution are  illegible  when  cold  ;  but,  when  a  gentle  heat  is 
applied,  they  assume  a  beautiful  blue  or  green  colour.* 
This  experiment  is  rendered  more  amusing,  by  drawing 
the  trunk  and  branches  of  a  tree  in  the  ordinary'  manner, 
and  tracing  the  leaves  with  a  solution  of  cobalt.  The  '. 
tree  appears  leafless,  till  the  paper  is  heated,  when  it  smU| 
dcnly  becomes  covered  with  beautiful  foliage. 

V.  Oxide  of  cobalt  is  precipitated  by  carbonated  alka- 
lies from  the  nitric  solution,  at  firsi  of  a  peach-flower  co- 
lour, and  afterwards  of  a  lilac  hue. 

VI.  Oxalic  acid  throws  down,  from  solutions  of  cobalt, . 
a  rose-coloured  precipitate.  .  ^ 

Cobalt,  when  oxydized,  is  the  basis  of  zaffre.  This  V^ 
generally  prepared  b\-  roasting,  from  the  ore,  its  volatile 
ingredients  ;  and  mixing  with  die  remainder  three  parts  of 
sand,  or  calcined  flints.  Zaffre,  when  fused,  forma  a 
blue  glass  ;  which,  when  ground  and  washed,  is  the  siib- 
stance  termed  smalts,  used  as  a  colouring  BUbatance,  and, 
for  imiiorting  a  blue  colour  to  glas 
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SECT.  XIX. 


ManganeMe. 

I.  Manganese  never  occuiv  in  a  metallic  state;  the 
black  substance^  known  by  that  name,  being  a  compound 
of  manganese,  with  a  large  proportion  of  oxygen.  The 
metal  b  obtained,  by  mixing  this  oxide,  finely  powdered, 
with  pitch,  making  it  into  a  ball,  and  putting  thb  into  a 
crucible,  with  powdered  charcoal,  1-lOth  of  an  inch 
thick  on  the  sides,  and  l-4th  of  an  inch  deep  at  the  botp 
tom.  The  empty  space  is  then  to  be  filled  with  pow- 
dered charcoal,  a  cover  is  to  be  luted  on,  and  the  cm* 
cible  exposed,  for  one  hour,  to  the  strongest  heat  that  can 
be  raised. 

II.  This  metal  is  of  a  dusky-white  colour,  and  bright 
and  shining  in  its  fracture.  When  exposed  to  the  air  it 
soon  cruinbles  into  a  blackish  brown  powder,  in  conse- 
quence of  its  oxydation. 

When  heated  with  the  access  of  air,  it  passes  through 
successive  shades  of  Uack,  and  finally  acquires  a  green 
colour.     (La  Grange,  ii.  64.) 

III.  The  metal  is  soluble  in  acids,  but  most  readily  in 
the  nitrous.  The  muriadc  solution  b  precipitated  by  the 
addition  of  water  only.  It  is  precipitated  by  alkalies  in 
the  form  of  a  white  powder. 

IV.  The  black  oxide  of  manganese  gives  up  its  oxygen 
when  distilled  alone  in  a  retort,  or  still  more  readily  and 
abundantly,  if  distilled  with  a  mixture  of  sulphuric  acid. 

V.  The  black  oxide  of  manganese  is  dissolved  by  the 
muriatic  acid  ;  but,  before  solution,  it  yields  part  of  its 
oxygen  to  one  portion  of  the  muriatic  acid,  which  escapes 
in  an  oxygenized  state,  (See  Chap,  xiii.)  The  solution  has 
a  brownish  colour.  Alkalies  throw  down  from  it  a  white 
precipitate,  which,  by  exposure  to  the  air,  becomes  yel- 
low, and  finally  black. 

VI.  The  black  oxide  contains  too  much  oxygen  to  dis- 
solve in  nitric  acid  ;  but  when,  to  a  portion  of  this  add, 
in  contact  with  the  oude,  a  littie  sugar  is  added,  and  Heat 
is  applied,  the  oxide  is  dissolved. 

VII.  The  Uack  oxide  of  manganese  imparta.  to  borate 
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of  soda,  when  melted  with  it,  a  violet  colour.  When  this 
is  effected  by  the  blow-pipe,  the  colour  may  be  destroy- 
ed by  the  interior  flame,  and  again  re-produced  by  the 
exterior  one,  or  by  a  small  particle  of  nitre.  (See  Klap- 
roih,  vol.  t.  p.  243.  a.) 

VIII.  When  powdered  manganese  and  nitre  are  mixed 
together,  and  thrown  into  a  red-hot  crucible,  the  nitric 
acid  is  decomposed,  and  we  obtain  a  compound  of  htgfa- 
ly-oxydized  manganese  with  potash.  This  compound  has 
the  singidar  property  of  exhibiting  different  colours,  ac- 
cording to  the  quaottty  of  water  that  is  added  to  it.  A 
small  quantity  gives  a  green  solution  ;  a  farther  addition 
changes  it  to  a  blue ;  more  siilt  to  a  purple )  and  a  sdll 
larger  quantity  to  a  beautiful  deep  purjile. 

The  experiment  may  be  varied,  by  putting  equal  quan- 
tities of  tnis  substance  into  two  separate  glass  vessels, 
and  pouring  on  the  one  hot,  and  on  the  other  cold,  water. 
— The  hot  soludon  has  a  beautiful  green  colour,  and  the 
Cold  one  is  of  a  deep  purple.  TTie  saiile  material,  with 
water  of  different  temperatures,  assumes  various  shades  of 
colour,  depending  on  the  state  of  oxydizcmcnt  of  the 
metal.  Hence  this  has  been  termed  the  chameleon  mi- 
neral. This  property  is  destroyed  by  a  verj'  small  quantity 
of  sulphuret  of  potash. 

IX.  The  rose-colour  of  solutions  of  manganese,  in 
sulphuric  and  phosphoric  acids,  is  destroyed  by  exposure 
to  the  light  of  the  sun,  and  restored  when  removed  into 
darkness.  This  effect  depends  on  the  de-OX)'d3tion  ef  the 
inetal  by  the  sun's  rays.  ^ 


Chrome. 
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This  metal  is  found  in  an  acidified  state,  and  combined 
with  oxide  of  lead,  in  the  red-lead  ore  of  Siberia;  iti 
the  state  of  an  oxide,  in  the  green  ore  accompanying  the 
red  one ;  and  in  the  emei-old,  to  which  it  communicates 
its  green  colour. 

I.  To  separate  the  chromic  acid,  the  red-lead  ore,  redu- 
ced to  powder,  is  boiled  with  twice  its  weight  of  c'arbonai 


of  .jfQ^fisi^  An  praogeryellow  solution,  composed  of  pot- 
jUfh  9aii  chromic  aci4,  ifi  tbu^  obtained;  and  when,  to  vxiiy 
a  ff^Vieral  w^d  is  ad^d,  9pd  the  liquor  is  evaoorated,  wt 
ohpgifif  U  tbie  s^t  fgrmnd  by  the  acid,  which  has  been 
liait^  )¥itfa  the  potash ;  2.  the  acid  of  chrome,  ia  loiig 
l]^y-g)iloured  prisms.  Frpm  this  acid  the  chrome  n^ay 
be  bbtsuned  by  headng  it  with  charcoal,  in  the  manner 
already  often  described.  In  (he  crucible,  a  metallic  ma^ 
is  jGpund,  of  a  greyishpwhite  colour,  formed  of  a  number 
pf  needles  crossing  each  other. 

II.  This  metal  is  very  britde,  infusible,  and  fixed. 

in.  It  is  susoepdUble  of  three  states  of  ozydizement.— 
Tk^  first  coiide  is  green,  the  second  brown,  and  a  further 
dofe  of  Q3(ygen  gives  the  chromic  acid. 

IV.  The  nitric  acid  alone  exerts  any  remarkable  action 
on  this  metaL  Repeated  distillation,  with  this  acid, 
changes  chrome  into  chromic  acid,  combinable  with  alka- 
lifis*  The  chromates  of  alkalies  precipitate  the  salts  of 
lead)  of  a  beautiful  yellow  colour;  which,  if  it  could  be 
prowred  in  sufficient  quantity,  would  be  highly  valuable 
m  painting.  Mercunr  is  tiirown  down,  of  a  cinnabar- 
red  colour;  silver,  of  a  carmine-red ;  and  all  its  metallic 
<y>mh^warions  are  distinguished  by  peculiar  brilliancy  of 
colour.  The  emerald  derives  its  colour  from  the  oxide  of 
chrome ;  and .  the  ruby  from  the  acid.  This  proper^  of 
imparting  colour  has  sv^ggestcd  its  name. 


SECT.  XXI. 

Molybdencu 


.  I.  The  ore  of  molybdena  was  long  mistaken  for  plum- 
hago,  or  carburet  of  iron,  to  which  it  bears,  externally,  a 
strong  resemblance.  It  is,  in  fact,  a  combination  of  sul- 
phur and  the  oxide  of  molybdena.  These  two  compo- 
nents may  be  separated,  by  repeated  distillation  with 
nitric  acid.  To  the  ore  of  molybdena,  in  a  retort,  six 
times  its  weidlit  of  nitric  acid  are  to  be  added,  and  the 
mixture  distilkd  to  drjmess.  This  process  must  be  re- 
peated four  or  five  times ;  and,  at  its  close,  both  the  sul- 
phur and  molybdena  will  be  acidified*    The  sulphuric  acid 
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is  expelled  by  heating  the  mass  in  a  crucible ;  and  any  re- 
maining poraons  are  lo  be  washed  off  with  distilled  wa- 
ter. I'hc  residue  is  a  white  heavy  powder ;  which  has  an 
acid  and  metallic  taste  ;  is  soluble  in  560  parts  of  water ; 
and  tbrms  salts  with  the  alkalies  and  earths.  The  acid  is 
reduced  by  making  it  into  a  paste  with  oil,  and  exposing 
it,  bedded  in  charcoal  in  a  crucible,  to  an  intense  heat. 

II.  Molybdena   has  a  whitish   j-ellow    colour,  but 
fracture  is  a  whitish  grey.     It  has  not  hitherto,  been 
tained  in  any  form,  but  that  of  small  brittle  grains.     It; 
almost  infusible  by  any  artificial  heat. 

III.  It  is  readily  oxydized  when  heated  in  contact  witH 
air,  and  is  converted  into  a  white  oxide,  which  is  vola- 
tilized in  small  brilliant  needk-i>haped  crystals.  This 
oxide  has  acid  properties. 

IV.  According  to  Mr.  Hatchett's  experiments,  molyb- 
dena may  be  oxydlzed  in  four  different  degrees.  1.  A 
black  oxide  is  obtained  from  molybdenic  acid,  ignited 
with  charcoal  powder,  2.  A  blue  one  may  be  obtained 
by  the  same  process  not  carried  so  far ;  or  by  immersing 
a  plate  of  tin  in  a  solution  of  the  acid.  3.  The  third  ox- 
ide has  a  green  colour;  and,  having  acid  properties,  is 
termed  molybdcnous  acid.  The  fourth  ia  the  yellow  acid 
obtained  by  the  process  already  described. 

V.  The  nitric,  niiro-muriatic,  and  oxy-murialic  acids, 
arc  the  only  ones  that  act  on  molybdena. 

VI.  The  muriatic,  and  other  acids,  act  on  its 
and  afford  blue  solutions. 

VII.  Molybdena  unites  readily  with  sulphur,  and 
poses  a  substance,  similar  to  the  one  from  which  the  me- 
tal was  originally  obtained. 

VIII.  The  molybdenic  acid  combines  with  alkalies, 
earths,  and  some  of  the  imperfect  metals.  A  small  rod 
of  zinc  or  tin  is  acted  upon  by  a  solution  of  the  acid, 
which  becomes  blue,  in  consequence  of  the  loss  of  a  por- 
tion of  its  oxygen.  The  acid  precipitates  nitrates  of  sil- 
ver, mercury,  and  lead ;  muriate  of  lead,  and  nitrate  and 
muriate  of  barytes.  Recent  muriate  of  tin  throws  down, 
from  the  solution  of  molybdenate  of  potash,  a  beautiful 
blue  precipitate.  " 
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SECT.  XXII. 

I 

Uranium. 

L  This  metal  was  discovered  by  Klaproth,  in  a  mineral 
which  conudns  it  combined  Mrith  sulphur.  The  metal  is 
separated  from  the  sulphur,  first  by  roasting ;  then  dis- 
solving the  ore  in  nitro-muriatic  acid,  and  precipitating 
by  an  alkalL  An  orange-coloured  precipitate  is  obtained 
which  is  an  oxide  of  uranium.  Ttus  may  be  reduced  to 
a  metallic  form,  in  the  same  manner  as  the  molybdenic 
acid. 

II.  Uranium  is  of  a  dark  grey  colour ;  and  internally 
of  a  reddbh  brown.  It  has  only  been  obtained  in  small 
grains  of  considerable  hardness.  Its  fusion  is  very  diffi- 
cuMy  effected. 

Ill*  The  metal  is  soluble  only  in  nitric  acid. 

IV.  Its  oxide  is  of  a  yellow  colour,  and  dissolves  in 
acids.  It  is  precipitated  l^  alkalies ;  and  is  thrown  down, 
of  a  reddish  brown  ccdour,  by  prussiates.  Sulphuret  of 
ammonia  gives  a  brownish  yellow  precipitate  ;  and  tinc- 
ture of  galls,  a  chocolate  brown  one. 

V.  The  oude  of  uranium  is  insoluble  in  alkalies,  which 
distinguishes  it  from  the  oxide  of  tungsten.  It  is  aolable 
however,  by  alkaline  carbonates. 


SFXT.  xxin. 

Tungateru 

I.  Tungsten  may  be  obtained  from  two  diflerent  mi- 
nerals. The  one,  consisting  of  the  tungstic  acid,  united 
with  lime,  b  called  simply  tungsten.  In  the  other,  term- 
ed WoUram,  it  u  united  with  iron  and  manganese.  Its 
extraction  frova  the  former  is  the  most  simple  process. 
One  part  of  the  tungstate  of  lime,  and  four  of  carbonate 
of  potash,  are  fused  together,  and  the  mass  is  dissolved 
in  12  parts  of  boiling  water.    Nitric  acid  is  then  added, 
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which  unites  with  the  potash,  and  precipitates  tungsdc  | 
acid.     This   acid,    when   reduced    id  the    usual  mi 
yields  tungsten  ;  but  the  process  of  its  reduction  is  a  very    i 
difEcult  one,  and  frequently  fails  of  success. 

The  tungsiic  acid  may,  also,  be  obtained  from   Wol- 
fram, by  fusion  with  three  times  its   weight  of  nitrate  of 
potash ;  or  with  twice  its  weight  of  carbonate  of  potash. 
The  fused  mass,  dissolved  in  boiling  water,  and  filtered, 
gives,  on  the  addition  of  nitric  acid,  a  precipitate  of  CuDg> 
Stic  acid ;  or    Wolfram,  reduced  to  a  line  powder,  may 
be   boiled  with  three  times  its  wei^t  of  muriatic    acid. 
As  eooD  as  the  acid  becomes  hot,  a  yellow  powder  ap- 
pears, and  the  liquid  becomes  brown.     When  cold,  de- 
catil  the  clear  liquid,  and  wash  the    sediment  repeatedly 
with  water ;    then   digest  it,  for  some  hours,  with  hquifl 
ammoQia,  which  will  take  up  a  part.     Repeat  these  op^  i 
rations,  till  they  cease  to  act  on  the  substance.     K\'ap»f  J 
rate  the  ammoniacal  solution  to  dryness,  aod  calcine  tbf  | 
salt.     The  acid  of  tungsten    remains,  in  the  proportion  Of  J 
more  than  half  the  weight  of  Wolfram  which  has  been  I 
employed. 

II.  Tungsten  has  the  following  characters. 

1.  It  has  a  greyish  white  colour,  lilie  that  of  in 
a  good  deal  of  brilliancy.     It  is  not  magnetic. 

2.  It   is  extremely  hard  and  brittle.     It  requires, 
fusion,  a  temperature  of  at  least  1  TO"  Wedgwood. 

S.  It  is  oxydized  by  the  acuon  of  heat  and  air. 
first  oxide  is  black.     I'he  second  is  yellow,  and  b  c 
monly  termed  tungstic  acid. 

+,  The  tungstic  acid  has  no  taste  ;  is  insoluble  in  % 
ter  i  but  remains  suspended  in  it,  and  in  this  state  has  do 
acuon  on  vegLtable  colours.  Exposed  to  heat  in  a  pl»- 
tina  spoon,  it  assumes  a  deep  green  colour.  Calcined 
with  the  contact  of  air,  its  yellow  colour  becomes  deeper, 
and  passes  to  a  green,  and  after  some  hours,  grey.  The 
deficiency  of  several  acid  properties  has  induced  Vauque. 
lin  to  withdraw  it  from  the  class  of  acids,  and  to  arran^ 
it  among  the  oxides.  It  combines  with  alkalies ;  but  '•e 
do  the  oxides  ol  tin,  zinc,  antimony,  and  arsenic. 
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FOURTH  CLASS. 

MFRACTOllT  HETAIS* 

SECT.  XXIV. 

THanhm* 

I.  Tlttfiimn  is  obtained  frtntt  ft  ftittieral  feund  in  Hun- 
gary,  &c.  called  red  schorl,  or  titanite ;  and,  also,  in  a  sub* 
stance  from  Cornwall,  termed  menachanite.  It  was  in 
the  latter  substance  that  it  was  originally  discovered  by- 
Mr.  Gregor  of  Cornwall ;  and  its  characters  have  since 
been  more  fully  investigated  by  Klaproth,  Vauquelin  and 
H^cht,  Lovitzi)  and  Lampadius.  To  sepso-ate  it  finont  the 
first  compound,  the  mineral  is  to  be  reduced  to  powder,  and 
fiised  witn  twice  its  weight  of  potash.  When  the  fused 
mass,  after  cooling,  is  cUssolved  in  water^  a  white  oxide 
of  titanium  remains. 

Menachanite  is  to  be  first  fosed  with  potash  in  a  simi- 
lar manner;  and  to  the  alkaline  solution,  muriauc  «cid  b 
to  be  ftdded«  Tlus  dissolves  die  oxide  of  iron,  and  pre- 
cipitates the  white  o»de  of  titanium,  stilly  however,  con- 
taminated by  some  iron. 

II.  The  oxide  of  titanium  is  iiedoced,  by  exposure  to 
an  intense  heat,  moistened  with  oil,  and  surrounded  by 
powdered  charcoal.  A  blackish  blbtered  substance  is  ob- 
tained, some  points  of  which  have  a  reddish  colour. 
Lampadius  states  its  colour  to  be  that  of  copper,  but 
deeper ;  and  its  lustre  to  be  considerable.  It  is  tattle, 
but  when  in  thin  plates,  has  considerable  elasticity. 
When  this  is  boiled  with  nitric  acid,  no  remarkable  effect 
ensues,  but  the  bright  spots  disappear,  and  are  succeeded 
by  a  white  compound.  Nitro-muriatic  acid  forms,  also, 
a  white  powder,  which  remains  suspended  in  it.  Sul- 
phuric acid  exhibits  a  similar  appearance;  sulphurous 
acid  is  disengaged ;  and  the  titanium  is  partly  changed  to  a 
white  oxide,  and  pardy  dissolved.  Muriatic  acid  dis- 
solves titanium,  but  not  its  oxide. 

III.  The  solution  of  dtanium  gives  ft  white  precipitate 
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with  carbonates  ot  alkali ;  a  grass  green,  mixed  with- 
brown,  with  prusslate  ot  poiash  j  anil  a  dirty  dark  green, 
with  hydro-sulphurcls.  Infusion  of  galls  precipitates  a 
reddish  brown  substance,  which,  if  the  solution  be  coiv- 
centrated,  has  the  appearance  of  coagulated  blood.  A 
rod  of  tin,  immersed  in  the  solution,  imparts  to  the  liquid 
around  it  a  fine  red  colour ;  and  a  rod  of  zinc  a  deep  blue 


IV.  Titanium  tarnishes  by  exposure  to  the  atmosphere, 
and  is  oxydi zed  when  heated  with  access  of  air.  Ilis  sus- 
ceptible of  three  stages  of  ox\'diztincnt.  The  first  oxide 
is  blue  or  purple,  the  second  red,  and  the  third  white.         ~ 


SECT.  XXV. 

Colum&ium. 

This  metal  was  discovered  by  Mr.  Hatchctt,  in  a  mini 
ral  belonging  to  the  cabinet  of  the  British  Museum,  sup^  ^ 
posed  to  be  brought  from  Massachusetts,  in  North  Ame-  ' 
rica.  By  alternate  fusion  with  potash,  and  digestion  widl^l 
muriatic  acid,  the  mineral  was  decomposed;  the  acjf^ 
combining  with  oxide  of  iron,  and  the  alkali  with  a  pC"  f 
culiar  metallic  acid,  separable  by  the  addition  of  dtluteit  | 
nitric  acid,  which  threw  down  a  copious  while  sediment. 

This  acid  has  not  yet  been  reduced;  but  from  its  pro- 
perties, there  can  be  little  doubt  that  it  has  a  metidlic 
base.  It  is  insoluble  in  nitric  add;  but  when  fresh  pre- 
cipitated, it  combines  both  witli  the  sulphuric  and  mu- 
riatic. It  unites  also  with  alkalies;  and  both  solutions 
are  colourless.  Prussiale  of  potash  gives  an  olive  co* 
loured  precipitate  ;  tincture  of  galls,  a  deep  orange ;  and 
hydro'Sulphuret  of  ammonia,  one  of  a  chocolate  colour. 


SECT.  XXVI. 

Tantalium. 

This  metal  was  discovered  by  Mr.  Ekeberg,  an  e 
Swedish  chemist,  in  two  diflfcrent  fossils,  both  of  whic^^ 
are  found  in  Finland.  In  the  one  it  occurs  corobinyife  \ 
with  iron  and  manganese ;  in  the  other  with,  the- 1    "' 


called  yttxiiu  The  precise  process  &r  its  eittraction  is  not 
detailed,  in  the  short  notice  of  the^  discovery,  which  ap» 
peared  in  the  drmales  de  Chimie  (XLIII.  281.)  The  fol*. 
lowing  are  the  characteristic  properties  of  tantalium,  aa 
enumerated  by  Mr.  Ektberg. 

1.  It  is  not  soluble  in  any  acid,  in  whatsoever  state  the 
mineral  is  taken,  and  whatever  means  are  employed. 

2.  Fixed  alkalies  attack  it,  and  dissolve  a  considerable 
quantity,  which  may  afterwards  be  precipitated  by  acids. 

3*  The  oxide  of  this  metal  is  wnite,  and  does  not  aco^ 
quire  any  colour,  by  exposure  to  a  high  temperature  with 
access  of  air.  Its  specific  gravity,  after  being  made  red- 
hot,  is  6.5(X). 

4.  It  melts  with  phosphate  of  soda,  and  with  borax, 
but  does  not  impart  to  them  any  colour. 

5.  The  oxide  of  tantalium,  ignited  with  charcoal,  melts 
and  agglutinates.  It  then  presents  a  metallic  lustre,  and 
a  shining  fracture  of  a  greyish  black  colour.  Acids 
change  it  again  into  a  white  oxide. 

Though  the  oxides  of  tin  and  of  tungsten  are  equally 
soluble  with  diat  of  tantalium  in  fixed  alkalies,  yet  the 
former  is  easily  reduced,  furnishing  a  ductile  metal ;  and 
the  oxide  of  tungsten  dissolves  in  ammonia,  is  changed 
to  a  yellow  colour  by  acids,  and  communicates  colour  to 
phosphate  of  soda  and  borax.  The  oude  of  titanium 
differs  from  this,  in  being  soluble  by  acids,  and  in  tinging 
borax  and  phosphoric  salts,  when  fused  with  them. 


SECT.  XXVII. 


Cerium* 


I.  Cerium  has  been  lately  discovered,  by  Messrs.  Ber- 
zelius  and  Hisenger  of  Stockholm,  in  a  mineral  from  Bast- 
nas,  in  Sweden,  which  had  been  supposed  to  be  an  ore  of 
tungsten.  This  discovery  has  been  since  confirmed  fay 
the  unquestionable  testimony  of  Vauquelin  ;  who,  after  a 
carefiil  examination  of  the  mineral,  concurs  in  opinion, 
that  it  contains  the  oxide  of  an  unknown  metaL  From 
the  planet  Ceres,  discovered  about  die  same  period,  it  ha^ 
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been  called  Ceriu 
termed  Ccrite.     ( 

II.  To  obtain  the  oxide  of  this  new  metal,  the  c 
dissolved  in  nitro-muriatic  acid^  after  being  calcined  and 
pulverized.  The  solution  is  filtered,  neutralized  with  pure 
potash,  and  then  precipitated  by  tartrite  of  potash.  This 
precipitate,  well  washed,  and  afterwards  calcined,  is  the 
oxide  ot  cerium. 

III.  Cerium  appears  to  be  susceptible  of  two  stages  of 
oxydiztmeni ;  the  first  oxide  being  white,  and  the  second 
of  a  fallow  red.  The  wliite  oxide,  by  calcination,  be* 
comes  red. 

IV.  Sulphuric  acid,  diluted  with  four  times  its  weight 
of  water,  dissolves  the  red  oxide.  The  solution,  on  being 
evaporated,  yields  crystals,  some  of  which  are  orange, 
and  others  have  a  lemon  yellow  colour.  The  sulphate  is 
soluble  only  by  an  excess  of  acid.  Its  taste  is  saccharine 
mixed  with  acid. 

V.  Sulphuric  acid  readily  unites  with  the  white  oxide  ; 
the  solution  is  nearly  colourless,  but  has  a  slight  rosy 
tinge.  It  has  a  saccharine  taste,  unmixed  with  acidity, 
and  yields  white  crystals. 

VI.  Nitric  acid  unites  most  easily  with  the  white  ox- 
ide. The  solution  is  very  sweet,  and  is  not  cr)  stall izable. 
When  decomposed  by  heat,  it  leaves  a  brick-coloured 
oxide. 

VII.  Muriatic  acid  dissolves  the  red  oxide;  and  the  J 
solution  crystallizes  confusedl) .     The  salt  is  deliquescent  ;M 
soluble  in  an  equal  weight  of  water  j  and  in  three  or  four  " 
parts  of  alcohol.     \Vhcn  this  solution  is  concentrated,  it 
bums  with  a  yellow  sparkling  ftame. 

An  infusion  of  galls  produces,  in  muriate  of  cerium, 
a  yellowish  precipitate  not  ver^'  abundant.  A  few  drops 
of  ammonia  throw  down  a  very  voluminous  one  of 
a  brown  colour,  which  becomes  black  and  brilliant,  by 
desiccation.  By  the  action  of  heat,  it  assumes  a  tn-iclc 
red  colour. 

VIII.  Oxide  of  cerium  unites  readily  wiih  carbonic 
acid.  This  union  is  best  efTucted,  by  precipitating  a  so- 
luiion  of  the  oxide  with  carbonate  of  potash.  An  effer- 
vescence ensues  j  and  a  white  and  light  precipitate  is 
formed,  which  assumes,  on  drying,  a  silvery  appearance. 
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IX.  Sulphuretted  hydrogen  does  not  unite  with  ce- 
rium. 

X.  The  attempts  of  Vauquelin  to  reduce  th^  onde  of 
oerium  produced  only  a  snudl  metallic  globule,  not  lar* 
ger  than  a  pin's  head«  This  globule  was  not  acted  upon 
by  any  of  the  simple  acids;  but  it  was  dissolved^  though 
slowly,  by  nitro-muriadc  acid.  The  solution  was  red* 
dish,  and  gave  traces  of  iron  ;  but  it  also  gave  evident 
narks  of  cerium,  by  the  white  precipitate  which  tartrite 
of  potash  and  oxalate  of  ammonia  threw  down*  The  me* 
taUic  gkfbttle,  also,  was  harder,  whiter,  much  more  britde, 
and  more  scaly  in  its  fracture,  dian  pure  cast  iron* 

XI.  Hence  cerium  appears  to  be  a  volatile  metal,  unr 
less  it  is  volatilized  in  the  state  of  an  oxide,  which  ne* 
mains  to  be  ascertained  by  future  experiments* 


CHAP.  XIX. 


VEGETABLE  SUBSTANCES. 


SECT.  L 


Vegetabk  Extract 


For  the  purpose  of  exhibiting  its  properties,  extract 
may  be  obtained  by  evaporating,  in  a  temperature  below 
212^,  an  infusion  of  safiron,  prepared  with  boiling  dis- 
tilled water.     It  has  the  following  properties  : 

1.  It  is  cohesive,  of  a  brownish  colour,  and  generally^ 
of  a  bitterish  taste. 

2.  It  is  soluble  in  cold  water,  but  more  copiously  in 
hot.  Hence  the  decocdons  of  certain  substances  (P^hi- 
vian  bark  for  example)  become  turbid  on  cooEng.    The 
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solution,  exposed  for  a  long  time  to  the  air,  acquires 
mnuldv  pellick,  and  undergoes  a  sorj  of  putn: faction. 

3.  When  a  solution  ol  extr.itt  is  slowly  evaporated,  it 
affords  a  s^  mi -transparent  mass ;  but  rapid  cvttporadon 
rendt-rs  it  perfectly  opaque.  By  repeated  solutiuns  id 
water,  and  evaporations,  it  acquin-s  a  deeper  colour,  and 
loses  its  property  of  being  soluble  in  water,  apparently 
in  consequence  of  absorbing  oxygen  from  the  air. 

4r.  Extract,  exposed  to  the  atmosphere,  slowly  imbibes 
moisturci  or  is  imperfcctlydeliquescenL 

5.  It  is  soluble  in  alcohol  and  in  liquid  alkalies,  but  not 
in  acids,  which  last  even  precipitate  it  from  its  solutio* 
in  water.     It  is  insoluble,  also,  in  ether. 

6.  Oxygenized  muriatic  acid,  poured  into  a  solution  of 
extract,  precipitates  a  dark  yellow  powder,  which  is  nV 
longer  soluble  in  water,  but  dissolves  in  hot  alcohol. 

7.  Extract  has  an  affinity  tor  alumine.  When  the  si 
phate  or  muriate  of  this  earth  is  poured  into  one  of 
tract,  a  precipitate  appears,  especially  if  the  mixture  be 
boiled.  When  linen  or  woollen  thread,  previously  iin- 
pregnated  with  a  solution  of  alum,  is  boiled  with  a  solu- 
tion of  extract,  the  thread  is  dyed  a  ia.\va  colour,  and  the 
extract  disappears  in  great  part  from  the  liquor. 

a.  Muiiaie  of  tin,  and  several  other  metallic  salts,  also 
precipitate  extract,  their  oxides  forming  with  it  insoluble 
compounds. 

9.  £xtract  is  not  precipitated  by  a  solution  of  tan. 


be  ^ 


SECT.  II. 


or  Gum. 


This  substance,  in  a  solid  state,  is  generally  known  by 
the  name  of  gum.  Gum  arable  may  be  taken  as  an 
example. 

1.  It  is  dr>",  brittle,  and  insipid,  and  undergoes  no 
change  by  ex]K)sure  to  the  atmosphure,  except  that  the 
action  of  light  destroys  the  yellow  colour,  which  it  fre- 
quently exhibits. 

3.  It  is  readily  soluble  in  water,  and  forms  a  viscid  so- 
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hition,  which  may  be  kept  a  long  time  without  undergoing 
any  change: ;  but  finally  becomes  sour* 

3.  It  is  insoluble  in  alcohol  and  in  ether,  the  fi:>rmer  of 
which  separates  it  from  water. 

4.  It  is  precipitated  trom  water,  in  a  thick  curdy  form, 
by  Goulard^s  extract  of  lead ;  and  is  thrown  down  by  the 
red  sulphate  of  iron,  in  the  state  of  ^  brown  semi»tran»» 
parent  jelly.  Several  other  salts,  sdso,  have  a  similar  ef* 
met,  as  may  be  seen^  in  a  table,  in  the  4th  vol.  of  Tliom- 
aon^s  ChemistT)',  p.  224. 

^1 5.  It  is  soluble  in  pure  alkalies,  and  is  precipitated  by 
adds.,  Oi  the  earths,  .ailex  seems  ,to  hgve  the  strongest 
affinity  for  it ;  a  solution  of  silicated  alkali  precipitating 
a.  very  dilute  solution  of  gum.  .('Thomson*)  Dr.  Dm^can 
jun.  however,  informs  me,  that  this  precipitate  is  produ^ 
jced  only  by  solutions  of  the  lighter  coloured  speciment  of 
gum,  which  have  different  properties  from  those  of  darker 
colour.  •  ^  ,,  ^.. 

.6.  Diluted  acids  dissdve  gum  unchanged,  and  the  coiv* 
centrated  4mcs  decompose  it.  Strong  si^phuric  acid  cop^ 
v«rts  it  mto  water^  acetous  acid,  and  charcoal;  nitric  add 
ahaa^pea.. gum  into  oxalic  %pid;  and  oxygenized  muriatic 
acidmtoxitricadd.  .     i.    ,      . 

7*  Gum  and  sugar  readily  combine ;  and  by  gende  eva- 
poration of  their  mixed  solutions,  a  transparent  substance 
IS  obtained.  From  this,  alcohol  separates  a  part  of  the 
sugar,  but  the  remainder  continues  in  combination,  and 
forms  a  substance,  resembling  that  of  which  the  nests  of 
wasps  are  composed. 

8.  Gum,  when  submitted  to  destructive  distillation  in 
a  retort,  yields  an  acid,  formerly  called  the  pyro-mucous, 
but  now  ascertained  to  be  merely  the  acetic,  holding  in 
solution  a  portion  of  essential  oiL  Carburetted  hydro- 
gen and  carbonic  acid  gases  are  also  disengaged ;  and  in 
the  retort  there  remams  charcoal,  mixed  with  lime  and 
phosphate  of  lime. 
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SECT.  III. 

Vegetable  Jelly. 

Vegetable  jelly  may  be  obtained  from  the  recently  ex^ 
jiressed  juices  of  certain  fruits,  such  as  the  currant  and 
gooseberry.     When  the  expressed  juice   of  these  Imits 
is  allowed  to  remain,  for  some  time,  in  a  slate  of  rest,  it 
pardy  coagulates   into  a  tremulous   soft  substance,  wdbfl 
known  by   the  name  of  jelly.     The   coagulum,  washej^l 
with  a  very  small  quantity  of  water,  is  jelly  nearly  in  aJI 
state  of  purity.  ■ 

Vegetable  jelly,  unless  when  tinged  by  the  colour  of 
the  fruit,  is  nearly  colourless  ;  has  a  pleasant  taste,  and  a 
tremulous  consistency.  It  is  scarcely  soluble  in  cold  wa- 
ter ;  but  very  readily  in  hot,  and  the  solution  again  gela- 
tinates  on  cooling.  By  long  boiling  it  loses  this  last  pro- 
perty, and  is  changed  into  a  substance  analagous  to  miu 
cilage.  When  diied  it  is  transparent.  It  combines  rea* 
dily  with  alkalies.  Nitric  acid  converts  it  into  oxalic  acid^^  ■ 
without  disengaging  any  azotic  gas. 


Sugar  and  Oxalic  Acid. 


Art.  I — Sugar. 

1.  Sugar  is  soluble  in  an  equal  weight  of  cold   ' 
and  almost  to  an  unlimited  amount  in  hot  water.     Th^ 
latter  solution  affords  a  liquid  called  sjTup ;  from  whid 
by  long  repose,  crystals  of  sugar  separate. 

2.  Alcohol  dissolves,  when  heated,  about  one-fourth  its 
weight  of  sugar. 

3.  Lime-water  renders  sugar  more  soluble.     Alkalies 
unite  with  it,  and  destroy  its  taste.     It  may  be  rei 
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however,  unchanged,  by  adding  sulphuric  add,  and  pre- 
cipitating the  sulphate  by  akohol,  which  retains  the  sugar 
in  solution* 

4.  Sugar  has  the  property  of  rendering  oils  miscible 
with  water. 

5.  The  sulphurets,  hydro-sulphurets,  and  phosphurets, 
appear  to  have  the  property  of  converting  sugar  into  a 
substance  not  unlike  gum.  (Thomson's  Chemistry,  iv. 
214.) 

6.  It  is  converted,  by  destructive  distillation,  into  ace* 
tous  acid,  carburetted  hydrogen,  and  carbonic  acid  gas, 
and  charcoal.  According  to  Lavoisier,  it  is  composed  of 
64  oxygen,  28  carbon,  and  8  hydrogen. 


Art.  II.— 0;)ca/ic  Add* 

Sugar  is  acidified  by  distillation  with  nitric  acid.  To 
six  ounces  of  nitric  acid,  in  a  stoppered  retort,  to  which 
a  large  receiver  is  luted,  add,  by  degrees,  one  ounce  of 
lump-sugar,  coarsely  powdered.  A  gentie  heat  may  be 
applied  during  the  solution.  Nitrous  gas  will  be  disen^ 
gaged  in  great  abundance.  When  the  whole  of  the  sup 
gar  is  dissolved,  distil  off  a  part  of  the  acid.  The  re- 
maining liquor  will  form  regular  crystals,  (amounting  to 
58  parts  from  ICX)  of  sugar,)  which  must  be  again  dissol- 
ved in  water  and  crystaliized.  X-ay  this  second  crop  of 
crystals  on  blotting  paper  to  dry. 

The  crystab  of  oxalic  acid  have  the  following  charac- 
ters: 

1.  They  have  a  strong  acid  taste,  and  act  powerfully 
on  vegetable  blue  colours. 

2.  They  dissolve  in  twice  their  weight  of  cold,  and  in 
an  equal  weight  of  hot  water. 

3.  They  effloresce  in  the  air,  and  become  covered  with 
a  white  powder. 

4.  A  red  heat  entirely  decomposes  tiiem,  and  leaves 
only  charcoal. 

5.  Oxalic  acid  combines  with  alkalies  and  earths,  fiorm- 
ing  with  the  first  soluble,  and  with  the  latter  generally 
insoluble,  compounds.  The  oxalate  of  potash  may  enst 
in  two  states,  either  exacdv  saturated,  or  with  ah  excess 
of  add.    The  adktKiie  oxautes,  as  well  as  the  uncombin- 
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ed  acid,  have  the  property-  of  decomposing  salts  wiih  bi 
of  lime  ;  and    hence  arc   excellent  tests  o)  that  eanhv- 
OxalaCe  of  ammonia,    added  to  a   solution  of  purt 
or  of  any  of  its  salts,  immediately  effects  a  preupitatiol 
of  oxalate  of  lime. 


Native  Vegetable  Acids  and  Acidula. 

Native  vegetable  acids  are  such  as  are  found,  ready 
formed  in  plants  or  their  fruits,  and  require  only  pressure, 
and  other  simple  processes,  for  their  extraction. 


Art.  \.— Citric  Add. 

Citric  acid  exists,  nearly  in  an  uncombined  state, 
the  expressed  juice  of  the  lime  and  Itmon,  which  i 
tain  also  extractive  matter  and  mucilage.  The  proceiSf 
for  obtaining  it  in  a  separate  state,  we  owe  to  the  ingc 
nuity  of  Scheele.  To  the  juice  of  the  lime  or  lerood!^ 
contained  in  a  vessel  of  earthen  ware,  or  white  wood, 
add,  very  gradually,  finely  powdered  carbonate  of  lime 
(chalk  or  whiting,)  and  stir  the  mixture  well  after  each 
addition.  An  effervescence  will  ensue  ;  and,  as  long  as 
this  arises,  on  adding  fresh  portions  of  chalk,  more  will 
be  required.  Tile  exact  proportion  it  is  impossible  to  as- 
sign, on  account  of  the  variable  strength  of  the  acid 
juice.  In  general,  from  six  to  eight  ounces  of  chalk  arc 
sufficient  to  saturate  a  wine  gallon  of  lime-juice.  When 
it  ceases  to  excite  effervescence,  and  the  liquor  has  lost  its 
sour  taste,  leave  the  mixture  to  setde  ;  decant  the  liquid, 
and  add  a  quantity  of  water.  Let  the  powder  subside : 
the  liquor  be  again  decanted,  and  thrown  away  ;  ana 
these  operations  repeated,  till  the  water  cornea  off  neariy 
colourless.  The  insoluble  precipitate  consists  of  citric 
acid  united  with  lime  ;  add  to  it  a  quantity  of  sulphuric 
acid,  of  the  density  1.8,  equal  to  al>out  3-4ths  the  wci]^ 
of  the  chalk  which  has  been  emplov  ed,  and  previotulf 
diluted  with  20  pans  of  water;   or  the  sulphuric 
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may  be  poured,  undiluted,  upon  the  precipitate,  suspend- 
ed by  stirring  it  in  a  considerable  quantity  of  water. — 
Let  the  acid  and  precipitate  remain  together  24  hours  ; 
during  which  time  they  must  be  frequently  stirred.  Then 
let  the  white  sediment,  which  consists  of  sulphate  of 
lime,  subside  ;  decant  the  clear  liquor  ;  add  more  water 
till  it  comes  off  tasteless  ;  and  mix  ail  the  liquors  toge- 
ther* The  soluuon,  containing  citric  and  sulphuric  acids, 
and  some  mucilage,  is  to  be  evaporated  in  ahailow  cMthcu 
dishes,  placed  in  a  sand-heat.  Reduce  Ae  liquid  about 
3"4ths  its  bulk  by  evaporation ;  separate  the  sulphate  of 
lime,  which'will  be  deposited,  and  again  waste  the  liquor, 
by  a  heat  not  above  212<',  to  the  consistence  of  syrup. — 
Dark-brown  crystals  will  form  on  cooling,  which  must  be 
set  to  drain  ;  and  the  remsdning  liquor,  when  again  eva- 
porated repeatedly,  will  continue  to  yield  fresh  crystals. 
To  purify  these,  let  them  be  dissolved  in  water;  and  the 
solution  again  evaporated.  After  the  second  crystalliza- 
tion, their  colour  will  be  improved  ;  but  it  will  require 
three  or  four  crystallizations  to  obtain  them  perfectly  ' 
white  and  well  formed.  In  this  state  they  are  the  pure 
citric  acid. 

The  crystals  of  citric  acid  are  readily  soluble  in  water, 
one  part  of  which  at  60^  takes  up  1|  its  weight.  They 
effervesce  in  the  air  ;  and  with  the  alkalies  and  earths 
this  solution  unites  and  forms  citrates. 


Art.  II. — Gallic  Acid. 

This  acid  exbts  in  the  gall-nut,  along  with  tan  and 
other  substances.  In  Mr.  Davy^s  experiments,  400  grains 
of  a  saturated  infusion  of  galls  gave  53  of  solid  matter, 
composed  of  9-lOths  tan  and  1-lOth  gallic  acid.  The 
acid  may  be  obtained  by  exposing  an  infusion  of  galls  in 
water  to  the  air.  A  mouldy  pellicle  will  form  on  the  suf- 
£ace  of  the  infusion ;  and,  after  some  months  exposure', 
small  yellow  crystals  will  appear  on  the  inside  of  the  ves- 
seL  These  crystab  must  be  dissolved  in  alcohol,  to  se- 
parate them  from  other  substances,  and  the  solution  eva- 
porated to  dryness. 

It  may  also  be  procured  by  sublimation.  (N.35.^  Poinul- 
ed  galls  are  to  be  put  into  a  retort,  and  heat  applied.    The 
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gallic  acid  will  riae,  and  be  condensed  in  the  neck  of  the 
retort  in  a  solid  lorin>  This  process  is  recommeodetl  by 
Deycux  as  prefi^rablt:  to  any  other. 

The  gallic  acid  may  be  stparated  from  the  infusion  of 
galls,  bv  adding  muriate  ot  tin  tiU  the  precipitate  ceases 
to  appear.  Tliis  precipitate  may  be  reserved  for  die  ex- 
[leriinenta  <lcuilcd  under  the  article  Tun.  From  the  re- 
maioing  solution  the  superabundant  oxide  of  tin  must  be 
precipitatrd  by  sulphuretted  hydrogen  gas,  and  Uic  dear 
liquor,  on  evaporation,  >  ields  crystals  ol  gallic  acid. 

From  one  ounce  of  galls,  according  to  Haussnura^ 
about  three  drachms  ofgidlic  acid  may  be  obtained. 

la  Nicholson's  evo.  Journal,  vol.  i.  p.  236,  a  very  aiou 
pie  process  for  obtaining  gallic  acid  is  proposed  by  M. 
Fiedler.  Boil  an  ounce  of  powdered  galls,  in  16  ounces 
of  waier  down  to  8,  and  strain  the  decoetion.  Precipi- 
tate abo  two  ounces  of  alum,  dissolved  in  wtttcr,  witb  a 
sufficient  quantity  of  carbonate  of  potasb,  and,  after  hav- 
ing washed  the  precipitate  eiLtremely  well,  add  it  to  the 
decoction,  and  digest  the  mixture  lor  24  hours,  shaking 
frequently.  The  alumine  combines  with,  and  carries 
down,  both  the  tan  and  extract ;  and  the  filtered  sola- 
lion  yields,  by  gcnde  evaporation,  cr)stal3  ot  gallic  acid. 

By  none  of  these  processes,  however,  can  gaUic  acid 
be  obtained  pcrfecdy  pure  ;  for  it  still,  according  to  Mr. 
Davy,  is  contaminated  with  a  small  portion  of  extract. — 
To  purify  it,  Deyeux  advises  its  sublimation.  Over  a  glass 
capsule,  containing  the  impure  acid,  and  placed  in  a  sand 
heat,  another  capsule  is  to  be  inverted,  and  kept  cool. — 
On  the  impression  of  the  heat,  the  acid  rises  into  the  up~  , 
per  one,  in  (he  form  of  white  ncedle-shuped  crystals.  *  ■ 

The  pure  acid  has  the  luUuwing  characters  :  -i^ 

1.  Gallic  acid  burns  with  flame,  wlten  placed  oaa  red* 
hot  iron,  and  emits  an  aromatic  smell. 

2.  It  is  Boluljle  in  24  parts  of  cold,  or  3  of  boiling  water. 
Alcohol,  when  cold,  dissolves  I-4l]i,  or  an  equal  weight 
when  heated. 

2.  The  solution  reddens  blue  vegetable  colours. 

4.  Nitric  acid  converts  the  gallic  into  oxalic  acid. 

5.  It  precipitates  most  metals  Irom  their  solulioos  ; 
gold,  silver,  and  copper,of  a  brown  colour  ;  lead,  wbite  ; 
mercury,  orange  ;  bismuth,  yellow  ;  and  iron,  deep  black. 
The  precipitate  from  solutions  ol  iron  is  soluble  in  an 
excess  of  acid.     It  forms  the  basis  of  ink,  which,  accord- 
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tog  to  Deyeux,  consists  of  carburetted  oxide  of  iroD,  and 
gallate  of  iron* 


Art.  III. — Malic  Acid. 

This  acid  exists  in  the  juice  of  apples,  gooseberries,  and 
of  some  other  fruits,  and  is  found  mixed  with  the  citric, 
and  occasionally  with  other  acids.  It  may  be  obtained 
by  evaporating  the  juice  neariy  to  dryness,  and  then  add- 
ing alcohol,  which  dissolves  the  acids,  and  leaves  the  mu- 
citoge*  To  this  solution  of  citric  and  malic  acids  in  al- 
cohol, chalk  is  to  be  added  to  saturation,  and  the  preci* 
piCate  to  be  washed  with  boiling  water,  which  takes  up 
the  malate  of  lime,  and  leaves  &e  citrate.  The  solution 
of  the  malate  of  lime  may  then  be  decomposed  by  sul- 
phuric acid«  Or  the.  juice  of  apples  may  be  saturated  with 
carbonate  of  potash^  and  mixed  with  a  solution  of  ace* 
tate  of  lead,  till  the  precipitate  ceases.  This  precipitate 
is  to  be  washed  with  water,  and  dilute  sulphuric  acid  is  to 
be  added,  till  the  liquor  acquires  an  acid  taste,  unmixed 
with  any  sweetness.  The  liquor  is  to  be  filtered,  to 
separate  the  sulphate  of  lead,  and  evaporated.  It  yields 
no  crystals,  but  a  thick  liquor  of  a  cheiry-red  colour. 

The  malic  acid,  in  genen^  forms  deliquescent  salts. 


Art.  IV. — TartaroUB  Addj  and  its  Combinattons. 

This  acid  may  be  obtained  from  common  cream  of  tar- 
tar, by  dissolving  it  in  boiling  water,  and  adding  chalk  as 
k>ng  as  any  effervescence  ensues.  An  insoluble  tartrite  of 
lime  falls  down,  which  may  be  decomposed,  like  the  ci- 
trate of  lime,  by  sulphuric  acid.  On  evaporating  the  so- 
lution, reffular  crystals  are  obtained. 

This  acid  is  readily  soluble  in  water.  It  combines  with 
alkalies.  When  potash  is  exactly  saturated  with  it,  a 
neutral  salt  is  obtained,  which  dissolves  very  readily  in 
water ;  but,  on  a  still  farther  addition  of  acid,  we  obtain 
a  salt,  which  requires  20  parts  of  water  for  solution.  This 
last  is  identical  with  common  cream  of  tartar,  which  is  a 
tartrite  of  potash,  with  a  considerable  excess  of  acid,  and 
hence  has  been  termed  the  acidulous,  or  super-tartrite  of 
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potastu     By  adding  to  this  as  much  alkali  as  will  saturate 
the  Lxctss   of  acid,  it  becomes   easily  soluble ;   and,  tqj^H 
again  rciiJering  the  acid  superabundant,  it  is  agaia  t 
d':rcd  insoluble. 


Art.  V. — Benzoic  Aciti. 


1 

ncof 
acid 

■M 


This  may  be  obtained  from  a  substance  termed  gum 
bvnj:iniin,  by  sublimation.  It  exists  in  a  solid  form,  and 
muy  be  procured  at  ttic  druggists'  shops  under  [he  name  of 
flowers  of  bcDJ.imio.  These  flowers  have  manifestly  acid 
properties. 

Art.   VI.  The  oxalic  acid  is  also  found  native  in  I 
juice  of  sorrel,  forming  a  salt  with  excess  of  acid, 
aiidulum. 

Art.  Vll.  Mr.  Klaproth  has  lately  discovered  anew 
acid,  combined  wiih  lime  and  extract,  in  a  saline  mass, 
which  exudes  from  the  trunk  of  the  white  mulberry,  nto- 
rux  alba,  L,  It  was  collected,  by  Dr.  Thompson,  from  trees 
in  the  botanic  garden  at  Palermo  ;  and  seems  peculiar  to 
those  individuals  that  grow  in  hot  climates.  Its  charac- 
ters have  not  been  fully  ascertained.  From  its  origin,  it 
has  been  called,  by  Klaproth,  moroxylic  acid,  and  its 
compounds  moroxylates.  (See  Nich.  Joum.  8vo.  vii. 
129.) 

Art.  VIII.  Thelaccic  acid  (which,  in  strictness, should 
be  classed  among  animal  acids)  is  obtained  from  the 
white  lac  of  Madras,  from  which,  when  liquefied,  it 
oozes  out  in  drops.  It  is  in  the  form  of  a  reddish  liquor, 
having  a  slighdy  bitter  saltish  taste  ;  but,  on  evuporalion, 
it  =ihoots  into  acicular  cr\  bc:i1b.  It  may  be  raised  in  distil- 
lation. It  combines  with  carbonate  of  lime  and  soda, 
and  cxcitts  effervescence.  Xt  precipitates  bar)ti  " 
assumes  a  green  colour  with  lime-water  ;  and  a  \ 
one  with  sulphate  of  iron.  A  full  account  of  its  pro_ 
ties,  and  of  those  ol  the  substance  that  affords  it,  i 
be  found  in  Dr.  Pearson's  paper  in  the  Phil.  Trans.  17! 
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SECT.  VI. 

Fixed  Oik. 


\.  These  oils  are  obtained,  hj  pressure,  from  certain 
vegetables ;  as  the  olive,  the  almond,  linseed,  &c 
••  2.  As  thus  obtained,  they  are  generaUy  found  combin* 
ed  with  mucilage. 

3.  They  are  usually  coloured,  but  may  be  deprived  of 
colour  by  digestion  with  charcoal. 

4.  They  do  not  combine  with  water  or  with  alcohoL 

5.  They  unite  with  alkalies  and  farm  soap. 

Soap  b  readily  soluble  in  water.  The  scdudon  is  de^ 
composed  by  acids,  and  bv  neutral  salts  with  earthy  bases. 
Hence  hard  waters,  which  contain  eardiy  salts,  curdle 
soap  ;  their  acid  uniting  with  the  alkali  of  the  soap,  and 
settmg  the  oil  at*  liberty.  When  a  strong  solution  of 
soap  is  mixed  with  one  of  a  metallic  salt,  a  substance  is 
farmed,  termed  a  metalhc  soap.  The  alkali  unites  with 
the  add  of  the  salt,  and  the  oil  with  the  metallic  oxide. 

6.  Fixed  oils  dissolve  sulphur,  and  form  a  kind  of  bal- 
sam.    They  act  also  on  i^sphorus. 

7.  Their  properties  are  changed  by  boiling  with  metal- 
lic oxides,  uiose  of  lead  for  example.  The  mucilage 
unites  vrith  the  oxide,  which  probably  gives  up  a  portion 
of  its  oxygen  to  the  oil,  and  the  oil  is  rendered  drying, 
and  fit  for  the  use  of  the  painter.  If  the  oxide  be  added 
in  larger  proportion,  the  mass,  when  cold,  is  a  plaster*- 

8.  Fixed  oils  are  hig^y  combustible.  When  distiUed 
widi  a  gentle  heat,  they  yield  oleiiant  and  carburetted 
hydrogen  gases. 


SECT.  VII. 

Volatiky  or  Essential  Oik. 

1.  These  oils  have  a  penetrating  smell,  and  an  acrid 
taste. 
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S.  They  are  volatilized  by  a  gentle  heat.  Hence  the 
spot  which  they  leave  on  paper  may  be  removed  by  the 
application  of  heat,  while  the  stuns  from  expressed  oils 
are  permanent. 

3.  They  can,  with  difficulty,  be  brought  to  unite  with 
alkalies.  J 

4.  They  are  scdiMe  in  alcohol.  M 

5.  They  do  not  unite  with  water.     With  llie  intervened 
lion  of  a  little  sugitr,  however,  they  are  comtnDable,  io 
small  proportion,  with  water. 

6.  VVhen  nitric  acid  is  poured  upon  these  oils,  espe- 
cially  if  it  haa  been  previously  mixed  with  ouc-fit'th  or 
one-aixth  of  sulphuric  acid,  the  mixture  bursts  out  into  a 
violent  flame.  This  experiment  requires  tautioo,  as  the 
inflaniedoil  is  apt  to  be  scattered  abouL 

7.  Several  of  them  detonate,  when  rubbed  with  hvpcr- 
oxygenized  muriate  of  potash,  and  take  tire  when  poured 
into  oxygeiuzed  muriatic  acid  gas. 

8.  Essential  oils  arc  thickened  by  long  exposure  to  air- 
Camphor  resembles  the  essential  oils  in  many  proper* 

ties,  but  is  not  inflamed  by  nitric  acid,  which  convetta  it 
into   an   acid,    distinguished  by   peculiar  properties, 
terroed  the  camphoric  acid. 

For  this  purpose,  camphor  is  repeatedly  distilled 
four  bmes  its  weight  of  nitric  acid,  dll  about  30  parts 
acid  have  been  employed.  At  each  operation,  the  por- 
tion of  camphor^  which  sublimes  and  escapes  decompo- 
sition, is  to  be  returned  into  the  retort.  The  acid  is  sus- 
ceptible of  crystallization;  the  crystals  effloresce  id  dw 
air,  and  are  sparingly  soluble  in  water ;  they  are  combus- 
tible,  and  bum  with  a  dense,  aromatic  smoke ;  they  melt 
and  sublime  with  a  gentle  heat,  and  dissolve  in  the  mi- 
neral acids.  They  dissolve  also  in  alcohol,  and  are  not 
precipitated  by  water.  With  alkalies  and  earths 
compose  a  class  of  salts  called  Camphorates. 


tsof  ^M 
por.  V 
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SECT.  VIII. 

Eesins. 

Resins  ave  iMpissated  juices  of  certain  pbuits,  and  are 
generally  obtained  bf  wounding  their  bark.  Copal,  or 
lac,  may  be  tdcen  as  an  example.  Dragon's  blood,  guaia- 
cum,  sandarach,  iabdanum,  common  resin,  and  turpentine, 
are  also  varieties  of  this  substance* 

1.  They  have  generally  a  yellow  colour,  and  are  im- 
perfediy  transparent. 

2.  They  are  dry,  brivde,  and  extremely  inflammable. 

3.  They  dissolve  in  alcohol,  ether,  and  essential  oik ; 
bat  not  at  all  in  water,  which  even  precipitates  them  &om 
the  £Miegoing  solvents. 

4.  Both  acids  and  alkalies  act  on  them ;  die  pure  alka» 
lies  most  remarkably. 

5.  They  are  the  basis  of  varmshes,  and  are  much  used 
in  medicine. 

Own'RcMfUiy  along  with  resin,  have  an  admixture  of 
extractive  matter.  They  dissolve  pardy  in  water,  and 
pardy  in  alcohol.  They  are  ahnost  solely  used  in  medi- 
cine. Asafotida,  gum-ammoniac,  alo^,  gamboge,  myni)| 
opium,  &c.  are  vanedes  of  gum-rdsin. 

Amber  is  a  resin  possessed  of  peculiar  properties.  By 
distillation  it  jrields  a  (tistinct  acid,  called  the  succinic*'^ 
To  prepare  this  acid,  kt  a  glass  retort  be  half  filled  with 
powdeml  amber,  and  ibt  remainder  with  fine  dry  sand* 
Lute  a  receiver,  and  apply  a  gentle  heat.  A  portion -of 
water  first  comes  over,  which  is  succeeded  by  a  weak  ace- 
tic acid.  The  succiiuc  acid  then  sublimes ;  but  is  conta- 
minated by  a  mixture  of  oil.  It  may  be  purified  by  so- 
lution smd  crystallization ;  and  it  then  forms  transparent 
white  shining  crystals,  having  the  form  of  triangular 
prisms.  They  are  soluble  in  24  times  their  weight  of  wa- 
ter, and  in  boiling  alcohoL  The  solution  reddens  the 
blue  colour  of  turnsole,  but  not  that  of  violets,  and  has 
an  acid  taste.  It  combines  with  alkalies,  &c.  and  forms 
succinates. 


VEGETABLE   PRODUCTS. 


Farina,  or  Fecula. 

Common  starch  may  be  taken  as  an  exainple  of  far 
It  will  be  found  to  have  the  following  qualities ; 

1.  It  is  not  soluble  in  water,  unless  when  heated  to 
160*;  aod  if  the  temperature  be  raised  to  180°,  the  solu- 
tion coagulates. 

2.  Faiina  is  insoluble  in  alcohol.  ^M 

3.  Pure  liquid  alkalies  act  on  starch ;  and  convert.JH 
into  a  transparent  jelly.  The  compound  is  soluble  in  yH 
cohol.  ■ 

4.  Sulphuric  acid  dissolves  it  slowly  ;  sulphurous  acid 
is  evolved ;  and  so  much  charcoal  is  disengaged,  that  the 
vessel  may  be  inverted,  without  spilling  its  contents. 

5.  Nitric  acid,  at  the  temperature  of  the  atmosphere, 
acts  on  starch,  and  dissolves  it ;  but  no  oxalic  acid  ap- 
pears subsequently,  unless  heat  be  applied.  Hot  nitiic 
acid  is  decomposed  by  starch,  and  oxalic  acid  is  gene- 
rated.  ^m 

6.  Starch,  as  it  e»sts  in  grain,  is  convertible  into  qo^-l 
gar.     On  this  property  b  founded  the  process  of  malu' 

ng- 

7.  Starch  is  capable  of  entering  into  chemical  union 
with  tan.     (Thomson,  in  Nicholson,  is.  74.) 

8.  When  distilled  alone,  it  yields  an  acid,  termed  the 
pyromucous.     This  has  been  Ulcty  shown  to  be  identicaL^j 
with  vinegar. 

9.  Farina  forms  a  considerable  part  of  wheat  and  oth 
flour,  and  of  the  potatoe.     It  may  be  obtained  sep: 
by  washing  with  water. 

10.  It  becomes  sour  when  exposed  in  a  moist  state  I 
the  air. 
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SECT.  X. 

Gluten. 

Gluten  may  be  obtained  from  wheat-flour,  by  kneading 
it  into  dough,  with  water,  and  washing  oiF  from  this  aU 
the  farina,  by  repeated  affusions  of  water,  working  it  at  the 
same  time  with  the  fingers. 

The  following  are  the  properties  of  gluten  : 

1.  It  is  of  a  grey  colour,  and  has  so  much  elasticity 
that,  when  drawn  out,  it  recovers  itself  like  elastic  gum. 
It  has  scarcely  any  taste,  and  does  not  lose  its  tenacity  in 
the  mouth. 

2.  When  exposed  to  a  gentle  heat,  it  dries  very  slow- 
ly, and  becomes  hard,  britde,  semi-transparent,  of  a  dark* 
brbwn  colour,  and  somewhat  like  glue.     When  broken  it 
has  the  fracture  of  glass.     In  this  state  it  is  insoluble. in 
water- 

3.  When  kept  moist,  it  ferments  and  undergoes  a  sort 
of  piutrdfaurtion,  emitting  a  very  offensive  odour. 

4.  When  suddenly  heated,  it  swells  prodigiously ;  theiii 
melts,  blackens,  and  yields  a  smell  like  that  of  burning 
horn. 

5.  It  is  insoluble  in  water,  in  alcohol,  and  in  ether; 
but,  after  fermentation,  it  is  partially  soluble  in  alcohol, 
and  tiit  solution  ihay  be  applied  to  the  purposes  of  var^ 
nish. 

6.  All  adds  dissolve  it,  and  alkalies  precipitate  it,  but 
considerably  changed,  and  deprived  of  its  elasticity.  It 
undergoes  a  similar  change  when  dissolved  in  pure  alka- 
lies, and  precipitated  by  acids. 

7.  It  exists  most  abundandy  in  wheat-flour ;  and  is  es- 
sential to  its  soundness ;  but  it  is  found,  also,  in  various 
vegetable  juices  :  (See  Proust  on  the  Gr^en  Fecula  of  Ve- 
getables, Nich.  Joum.  8vo,  iv.  273.) 


Mm 


ETABtE  PROuuc-ra. 


Cttoutc/ioui;  or  Elastic  Gum. 


1.  Caoutchouc  is   inflammable,  burning  with  a  brij 
flamo  in  atmospherical  air,  and  with  still  grt- aier  brilliancjT 
in  oK)gen  gas,  or  in  oxygenized  muriatic  gits. 

2.  It  is  insoluble  in  water  and  in  alcohol.  If  long  slips 
of  caoutchouc,  however,  are  tied  spirally  round  a  glass  or 
metal  rod,  and  boikd  for  an  hour  or  two,  the  edges  cohere, 
and  a  hollow  tube  is  formed. 

3.  Caoulihouc  is  soluble  in  ether;  not,  however,  ia 
the  ordinary  state  of  this  fluid  as  it  is  found  in  the  shops. 
To  render  ether  a  Ht  solvent  of  this  substance,  it  should 
be  purified  by  washing  it  with  water,  in  the  manner  to  be 
hereafter  described.  The  solution  may  be  applied  to  the 
purpose  of  forming  tubes  or  vessels  of  any  shape. 

4.  Caoutchouc  is  soluMe  in  volatile  oils  ;  but  when 
they  have  evaporated,  they  leave  it  in  a  glutinous  stale, 
and  deprived  of  much  of  its  elasticity.  Petroleum  d' 
solves  it,  and,  when  evaporated,  leaves  it  unchanged. 

5.  It  is  acted  on  by  alkalies  ;  and  when  steeped  in  them 
for  some  time,  loses  its  elasticit}'. 

6.  The  sulphuric  acid  is  decomposed  by  it ;  sulphurous, 
acid  is  disLngjgcd  ;  and  charcoal  remains.  Nitric  acid 
acts  on  it  with  the  assistance  of  heat ;  nitrous  gas  is  foro^ 
cd  i  and  oxalic  acid  crystallizes  from  the  residuum. 

7.  When  distilled  it  gives  ammonia,  and  hence  ina>'  1 
inferred  ip  contain  azote. 


The  Woody  Fibre. 

1.  This  forms  the  basis  of  all  wood,  and  is  more  abtin^] 
dant  in  proportion  as  the  wood  is  harder. 

2.  It  is  insoluble  in  water. 
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3.  The  pure  fixed  alkalies  act  on  the  woody  fibre,  and 
render  it  soft,  and  of  a  brown  colour. 

4.  Nitric  acid  decomposes  it  with  the  assistance  of 
heat;  and  oxalic,  citric,  malic,  and  acetic  acids,  are 
formed. 

5.  When  exposed  to  heat,  it  afibrds  an  acid  called  the 
pyroligneausj  which  has  been  lately  proved  identical  widi 
the  acetous.  In, the  retort  a  black  substance  remains, 
which  18  charcoal* 


SECT.  XIII. 

Colouring  Matter* 

I.  The  colouring  matter  of  vegetables  presents  a  con- 
siderable variety  in  its  relation  to  chemical  agents,  de« 
pending  on  the  diversity  of  the  basis,  or  sub-stratum,  in 
which  it  resides.  Chaptal  has  arranged  the  varieties  of 
the  colouring  principle  under  four  heads.  1st,  As  it  is 
attached  to  extractive  matter:  2d,  As  it  resides  in  gum; 
iQ  bodi  which  cases  it  is  soluble  in  water :  3d,  As  it  ex- 
ists in  farina,  or  fecula ;  and  in  thb  instance  it  dissolves 
most  readily  in  sulphuric  acid :  4th,  The  colouring  prin- 
ciple is  occasionally  inherent  in  resin,  and  then  it  requires 
alcohol,  an  oil,  or  an  alkali,  for  solution. 

II.  The  extraction  of  colouring  matter  from  the  vari- 
ous substances  that  afford  it,  and  its  fixaUon  on  wool, 
silk,  or  cotton,  constitutes  the  art  of  dyeing ;  the  detaib 
of  which  would  be  foreign  to  the  purpose  of  this  work. 
In  this  place  I  shall  state  only  a  few  general  principles ; 
and  refer  for  more  minute  information  to  the  works  of 
Berthollet  and  Bancroft. 

III.  Of  the  various  colouring  substances,  used  in  the 
art  of  dyeing,  some  may  be '  permanendy  attached  to  the 
dyed  fabric,  and  fully  communicate  their  colour  to  it, 
without  the  intervention  of  any  other  substance;  while 
others  leave  a  mere  stain,  removeable  by  washing  with 
water.  The  latter  class,  however,  may  be  durably  attach- 
ed by  the  mediation  of  a  proper  ba^iit.  The  colours, 
which  are  of  themselves  permanent,  have  been  termed. 


by  Dn  Bancroft,  aubulanttve  colours,  while  those 
quire  a  basis,  have  been  denominated  adJKtive  colours. 

IV.  The  most  important  bases,  by  die  mediation  of 
which  colouring  matter  is  united  with  wool  or  cotton^ 
are  alumine,  the  osiiie  of  iron,  and  the  oxide  of  tm.— 
Alumine  and  oxide  of  iron  are  applied  in  combinatiott. 
with  sulphuric,  or  acetic  acids;  and  the  oxide  of 
united  witii  nitro-muriaiie,  muriatic,  acetic,  or  tartarottt'] 
Kcidfi.  In  dyeing,  the  most  common  mcdiod  is  to  pass  the 
substance  to  be  dyed  through  a  decoction  of  the  colouring 
matter,  and  afterwards  through  a  solution  of  the  banis. — 
The  colouring  principle  thus  becomes  permanently  fixed, 
on  the  cloth,  sometimes  considerably  changed  by 
union  with  the  basis.  In  calico-printing,  the  basis,  thici 
cned  with  gum  or  flour  paste,  is  applied  to  the  cloth 
wooden  blocks,  or  copper  cjhnders.  The  cloth  is  then 
dried,  and  passed  through  a  decoction  of  the  colouring 
ingredient,  which  adheres  only  to  that  part  of  the  cloth 
where  the  basis  has  been  applied.  From  the  rest  of  the 
cloth  it  is  removed  by  simple  washing  with  water. 

V.  The  varicw  of  colours,  observed  in  dyed  aubtiancea, 
are  reducible  to  four  simple  ones,  viz.  blue,  red,  yellow, 
and  black. 

1.  Indigo  is  the  only  substance  used  in  dyeing  blue, 
which  it  does  without  the  intervention  of  a  basis.  In  its 
ordinary  state,  it  is  insoluble  in  water,  and  in  any  other 
solvent  except  sulphuric  acid.  When  thus  dissolved, 
it  is  sometimes  applied  directly,  in  a  diluted  state,  to  the 
fabric,  and  dyes  what  is  termed  a  Saxon  blue.  But,  by 
the  abstraction  of  part  of  its  oxygen,  indigo  becomes 
soluble ;  and  its  colour  changes  from  blue  to  green.  It 
recovers  the  former  colour,  however,  on  exposure  to  the 
air,  by  again  absorbing  ox;gen.  Its  de-ox>dizemcnt  is 
effected  by  allowing  it  to  lemient,  along  with  bran,  or 
other  vegetable  matter;  or  by  decomposing,  in  contact 
with  it,  the  green  sulphate  of  iron.  Substances  djed  by 
indigo,  thus  deprived  of  oxygen,  are  green,  and  acquire 
a  blue  colour  by  exjiosure  to  the  atm<jsphere.  By  this 
revival,  the  indigo  again  becomes  insoluble,  and  tilted, 
therefore,  for  affording  a  permiineut  dye. 

2.  The  substances,  chiefly  cmplojed  for  affording  r«d 
coloins,  are  cochineal  (an  insect  which  has  been  suppo- 
sed to  derive  colour  from  its  food,  the  leaves  of  the 
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cactus  opuniiay  L*),  archil,  madder,  brazilwood,  and  saf- 
flower.  The  four  first  are  soluble  in  water  ;  the  last  not 
without  ^e  intervention  of  an  alkali.  They  are  aUad« 
jective  colours.  Cochineal,  though  its-  colour  is  natural- 
ly crimson,  is  used  for  dyeing  scarlet ;  and  to  evolve  the 
scarlet  hue,  it  is  necessary  to  employ  the  supi^rtartrite  of 
potash.  The  basis,  by  which  it  is  attached  to  cloth,  is 
the  oxide  of  tin.  This  may  be  exhibited  experimental^* 
ly.  A  decoction  of  cochineal  will  leave  only  a  fugitive 
stain  on  a  piece  of  doth ;  but  if,  in  the  decoction,  som(^ 
supertartrite  of  potash  has  been  dissolved,  and  a  portion 
of  nitro-muriate  of  tin  afterwards  been  added,  it  will  im- 
part a  permanent  scarlet  colour. 

8.  The  yellow  dyes  are  wild  American  hiccory,  su- 
mach, turmeric,  fustic,  and  quercitron  bark;  which  af- 
ford various  colours,  accordingly  as  they  are  combined 
with  the  cloth,  by  the  intervention  of  alumine,  or  of  ox- 
ide of  iron  or  tin.  Thus,  with  the  aluminous  base,  the 
quercitron  bark  yields  a  bright  yellow  ;  with  oxide  of  tin, 
sdl  the  shades,  from  pale-lemon  colour  to  a  deep  orange ; 
and  with  oxide  of  iron,  a  drab  colour.  With  the  addition 
of  indigo,  it  gives  a  green. 

4.  A  combination  of  red  oxide  of  iron,  with  the  gallic 
acid  and  tan,  is  the  principal  black  colour,  which  has 
th«;refore  the  same  basis  as  common  writing  ink*  In  ca- 
lico printing,  white  spots,  or  figures,  on  a  black  ground, 
are  produced,  by  previously  printing  on  the  cloth  a  pro- 
tecting paste  of  citric  acid,  thickened  with  gum  or  flour. 
The  parts  to  which  this  paste  is  applied,  do  not  receive  the 
black  dye,  but  remain  perfectly  white. 

VI.  The  colouring  matter  of  vegetables,  besides  being 
capable  of  fixation  on  cloth,  may  be  obtained  combined 
with  a  base.  Thus  if  to  a  decoction,  or  infusion,  of  mad- 
der in  water,  a  solution  of  sulphate  of  alumine  be  added, 
the  colouring  matter  is  precipitated  in  combination  with 
the  alumine,  forming  what  is  termed  a  iaJ^e.  For  obtain- 
ing this,  the  following  process  is  given  by  Sir  H.  Engle- 
field.  Put  two  ounces  of  Dutch  crop  madder  into  a  cali- 
co bag,  capable  of  holding  three  or  four  times  that  quan- 
tity. Pour  on  it  a  pint  of  distilled  water,  and  tritiu*ate,  in 
a  mortar,  as  much  as  can  be  done  without  destroying  the 
bag.  The  water  becomes  loaded  with  colouring  mattet, 
and  is  opake  and  muddy.     Pour  off  this  portion,  and  re- 


■278 


VliGETASLE    PRODUCTS. 


CHAP.  SIX,  ^M 

lined,  which      H 


peat  the  operation  till  no  more  colour  is  obtained, 
will  gtnt;ral]y  happen  alter  the  (tfth  or  sixth  afTiiBion. — 
Pour  these  several  washings  into  an  earthen  or  well  tin- 
Qed  copper  pan  ;  and  apply  heat  tUl  the  liquor  boils. — 
Let  it  then  be  poured  into  a  basin  ;  and  one  ounce  of 
alum,  dissolved  in  a  pint  of  water,  be  added,  and  mixed 
by  stirring.  Add  an  ounce  and  a  half  of  saturated  soW 
tion  of  sdj-caHionate  of  potash ;  a  violent  effervescence 
will  enGue,  and  the  colouring  matter  will  be  precipitated. 
Stir  the  mixture  till  cold,  and  wash  repeatedly  with  boil- 
ing water.  About  half  an  ounce  of  lake  will  be  obtained^ 
contaioing  2.5ths  its  weight  of  alumine. 

Other  lakes  may  be  ol)tained,  of  different  colours,  by 
the  substitution  of  different  dyeing  woods  ;  and  from  the 
infusion  of  cochineal,  the  beautilul  pigment  called  Car^ 
mine  is  precipitated  by  means  of  a  solution  of  tin. 


SECT.  XIV. 

Tan,  Tannin,  or  the  Tanning  Principle, 


\ 


Tan  exists  abundantly  in  the  bark  of  the  oak,  the  wil- 
low, &c.  and  in  the  gall-nut.  The  interior  bark,  next  to 
the  wood,  contains  the  largest  proportion )  the  middle 
and  coloured  part,  the  next ;  and  in  this  it  is  accompa- 
nied with  more  extract.  The  epidermis  affords  very 
Itlde. 

I.  Tan  may  be  obtained  by  any  of  the  following  pro- 
cesses ;  but,  according  to  Mr.  Davy,  it  is  difficult  to  pro- 
cure it  in  a  state  of  perfect  puritj-. 

I.  Into   a  strong  infusion  of  nut-galls,  pour  the    i 
riate   of  tin,    till  the  yellowish   precipitate,    which    ; 
down  a'lundantlv,  ceases  to  appear.     Wash   the  prccitH 
tate  with  a  small   quantity  of  distilled  water,  and   afte 
wards  add  a  sufficient  quantity  of  warm  water  for  its  s 
luijon.     From  this  solution,  the  oxide  of  tin  is  precipiti 
ted  by  a  stream  of  sulphuretted  hydrogen  gas ;  and  du^ 
tannin,   which   remains   dissolved,    may  be  procured   by 
evaponition. 

'i.  Into  a  saturated  infusion  of  galls,  pour  a  saturated 
solution  of  carbonate  of  potash.     The  yellowish-wtuK 
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ptvcipitate^  after  being  washed  wkh  a  small  quantity  of 
water,  affords  the  tan*  When  thus  prepared,  Mr.  Davy, 
observes  that  tan  is  not  perfectly  pure,  but  contains  a 
minute  proportion  of  gallic  acid  and  alkali. 

3.  Into  a  similar  infusion,  pour  sulphuric  or  muriadc 
ackL  A  precipitaite  will  form,  which  must  be  re-dissolv- 
ed in  water,  and  the  excess  of  sulphuric  acid  saturated  ;^ 
fay>carbonate  of  potash.  When  a  farther  addition  is  made 
of  the  alkali,  the  tan  falls  down,  and  must  be  purified  by 
washing  with  a  small  quantit}'  of  vrater. 

It  has  been  discovered  by  Mr.  Davy,  that  the  terra  jap* 
ponica,  or  catechu  (which  is  to  be  met  with  under  this 
name  in  the  druggists'  shops,)  is  composed  of  about  one 
half  tan,  the  remainder  being  a  mixture  of  extract,  muci- 
lage, and  earthy  impurities. 

II.  Tan  has  the  following  properties: 

1.  When  evaporated  to  dF)'ness,  it  forms  a  brown  friable 
mass,  which  has  much  resemblance  in  its  fracture  to  aloes, 
a  sharp  bitter  taste,  and  is  soluble  in  water,  but  still  more 
readily  in  alcohol. 

d.  From  this  watery  sohition  all  acids  precipitate  tan* 

3.  The  alkaline  carbonates  have  a  similar  effect.         • 

4.  The  watery  solution,  poured  into  one  of  glue  (in- 
spissated animal  jelly,)  converts  it  immediately  into  a  co- 
agulum,  insoluble  by  boiling  water,  which  has  the  elastic 
properties  of  the  g^ten  of  wheat. 

The  solution  of  gelatine,  or  jelly,  may  be  prepared,  for 
the  piirpose  of  precipitating  tan,  by  dissolving  isinglass 
in  water,  in  the  proportion  of  ten  grains  to  two  ounces. 
The  precipitate  consists  of  54  jelly  and  46  tan.^  An 
excess  of  the  solution  partly  redissolves  it.  It  is  this 
property,  of  forming  with  gelatine  an  insoluble  compound, 
that  fits  tan  for  the  purpose  of  preserving  leather. 

5«  Tan  forms,  with  (ecula,  or  starch,  a  precipitate,  whicb 
is  ^Kuringly  soluble  in  cold  water,  and  very  copiously  in 
hot  water. 

6.  With  gluten  it  gives  an  insoluble  precipitate. 

*  From  conreiiatioii  with  Dr.  Duocan,  jun.  wbo  bae  made  niinieroiift 
experiments  on  tan,  I  iearn,  that  the  proportion  of  ingredients  in  this 
precipitate  varies  very  conuderably,  according  to  the  mode  in  which  it 
IS  efiected ;  and  that  msolobiiity  in  water  is  by  no  means  one  of  its  con- 
ttaxit  chiractcrs.    la  ammonia  it  diasolTet  residily. 
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7.  Il  is  precipitated  by  salts  with  earthy  bases,  such  as 
the  nitrates  of  barytes,  hme,  &c. 

B.  It  is  separated  also  by  salts  with  metallic  bases,  sucK- 
as  acetate  ot  lead,  mui'iate  of  tin,  muriate  ot  gold,  smd" 
sulphate  of  iron. 

Green  sulphate  of  iron  effects  no  change  in  the  solu- 
tion of  tan,  but  the  red  sulphate  occasions  a  dark-blue- 
ish  precipitate.  Tiiis  precipitate  differs  from  gallate  of 
iron,  in  being  decomposed  by  acids,  the  tan  being  thus 
separated.  An  excess  of  the  red  sulphate  re-dissolves  the 
precipitate,  and  affords  a  black  or  dark-blue  liquor.  By 
union  with  tan,  the  red  sulphate  is  de-oxvdized,  the  salt 
becoming  the  green  sulphate,  and  the  ox)gen  passing  to 
the  tan.  Tan  may  also  be  oxygenized  by  passing  strcuins 
of  oxygenized   muriatic  acid  through  its  solution  in  wa- 
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.  Until  very  lately,  tan  had  been  known  only  as  a  pro* 
duction  of  nature ;  and  the  processes  of  chemistry  had 
effected  nothing  more,  than  its  separation  from  the  vari- 
ous substances,  with  which  it  occurs  combined.  An  import- 
ant discovery,  however,  has  been  vm  recently  made  by 
Mr.  Hatihett.  of  the  artificial  formation  of  tan,  from  sub- 
stances which  unquestionably  do  nut  contain  it,  but  only 
furnish  its  elements.  The  processes  for  its  factitious  prrv 
duction  are  very  numerous;  but  they  are  arranged,  by 
their  author,  under  three  heads.  1st,  The  synthesis  oi 
tan  may  be  effected  by  the  action  of  nitric  acid  on  suA^ 
mal  or  vegetable  charcoal ;  2dly,  Bj  distilling  nitric  acid 
from  common  resin,  indigo,  dragon's  blood,  and  various 
other  resinous  substances ;  3dly,  By  the  action  of  sulpha- 
ric  acid  on  common  resin,  elemi,  asalcetida,  camphor, 
&C.  Ol  these  Viuious  processes,  I  shall  select  the 
simple,  referring  to  Mr.  Hatchett's  ver)*  interesting  _ 
for  a  fulK-r  detail  of  the  experiments.  (See  Phil.  Ti 
for  1805.) 

To  100  grains  of  powdered  charcoal,  contained  in4, 
mattras,  ;idd  an  ounce  of  nitric  acid  (specific  gr.  lAf 
diluted  with  two  ounces  of  water;  place  the  vessel  io'a 
sand  heal,  and  continue  the  digestion  till  the  chj  ~ 
appears  to  be  dissolved.  A  copious  discharge  of  n 
gas  will  take  place.  At  the  end  of  the  second  day,  it 
be  necessary  to  add  another  ounce,  and  sometimes 


i 


SBCT«.X|V*  TAKW  Ml 

9:  third,  of  nitric  acid ;  and  to  cohtinue  the  digestion  du- 
ring five  or  six  days.  A  reddish-brown  solution  wiQ  bt 
obtained,  which  must  be  evaporated  to  dryness  in  a  gbss 
vessel ;  taking  care,^  in  the  latter  part  o£  the  process,  so  to 
regulate  the  temperature,  that  the  acid  may  be  expelled, 
without  decomposing  the  residuum.  A  brown  glossy 
substance  will  be  obtained,  having  a  resinous  fracture, 
and  amounting,  in  weight,  to  116  or  120  grains.  This 
substance  has  the  following  properties  : 

1.  It  is  speedily  dissolved  by  cold  water  and  by  alco- 
hol. 3.  It  has  an  astringent  flavour.  3.  Exposed  to 
heat,  it  smokes  but  litde,  swells  much,  and  affords  a  bulky 
ooaL  4.  Its  solution  in  water  reddens  litmus  paper. 
$•  The  solution  copiously  precipitates  metallic  salts, 
especially  muriate  of  Un,  acetate  of  lead,  and  red  sulphate 
of  iron.  These  precipitates,  for  the  most  part,  are  brown, 
inclining  to  chocolate,  excepting  that  of  tin,  which  b 
blackish  grey.  6.  Gold  is  precipitated  from  its  solution 
in  a  metallic  state.  7.  The  earthy  salts  are  precipitated 
by  it.  8.  GelaUne  is  instantly  precipitated  from  water, 
in  the  state  of  a  coagulum,  insoluble  both  in  cold  and  in 
boiling  ^ater. 

The  identity  of  this  substance  with  tan  can,  therefore, 
be  scarcely  doubted,  since  the  two  bodies  agree  in  havhig 
the  same  characterisnc  properties.  The  only  essential 
circun^tance  of  discrimination,  is,  that  the  natural  tan  is 
destroyed,  while  the  artificial  is  produced,  by  the  agency 
of  nitric  add  ;  and  that  the  artificial  substance,  even  when 
formed,  powerfully  resists  the  decomposing  action  of  dm 
acid,  which  readily  destroys  natural  tan.  £v^n,  how- 
ever, among  the  different  varieties  of  the  natural  sub- 
stance, Mr.  Hatchett  found  essential  differences  in  the 
facility  of  destruction  by  nitric  acid.  Those  of  oak 
bark  and  catechu  are  least  destructible ;  and,  in  general, 
the  varieties  of  tan  seem  to  be  least  permanent,  in  pro- 
portion to  the  quantity  of  mucilage  which  they  contain. 
Infusions  of  factitious  tan  differ,  also,  from  those  of  the 
natural  kind,  in  not  becoming  mouldy  by  keeping. 

The  artificial  substance  is  a  purer  variety  of  tan  tbm 
the  natural  one ;  inasmuch  as  it  is  perffrctly  free  from 
gallic  acid,  and  from  extract,  both  of  which  are  alvrbys 
present  in  the  latter.  The  pro])erties  of  the  factitiotis 
compound  varv  a  Httlc,    according  lo<  the  mode  of  its 
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preparation,  pnticipall}'  in  the  colour  of  the  precipitates 
which  they  separiice  from  metallic  solutions.  Those  ci~ 
fected  by  tan,  Ibrmed  by  processes  of  the  hrst  class,  are 
always  brown,  and  by  the  second,  pale  or  deep  ycUi 


IVax. 
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Wax  appeurs  to  be  the  product  of  vegetables,  and  noT 
an  iinimiilizcd  substance  ;  for  it  exists  in  the  fecula  of 
houseleeV,  in  lac,  and  exudes  from  a  tree  called  MjTiOl 
Cerifcra. 

1.  Wax  is  readily  fusible  and  inflammabk  )  and  may  b 
volatilized  in  close  vessels. 

2.  It  is  insoluble  in  water. 

3.  Boiling  alcohol  dissolves  a  considerable  proportion, 
which  separates,  in  a  great  measure,  on  cooling,  and  ifl 
immediately  precipitated  by  the  addition  of  water.  Boil- 
ing ether  dissolves  about  l-2CXh  its  weight. 

4.  Caustic  fixed  alkalies  convert  it  into  a  saponaceous 
compound,  soluble  in  warm  water.  A  heated  solution  of 
ammonia  dissolves  it,  and  forms  a  kind  of  emulsioa.  Oo'^ 
cooling,  the  wax  ri^es  to  the  surface  in  flocculi. 

5.  When  distilled  alone  with  a  gentle  heat,  olefiant  a 
bjdro-carburct  gases  are  obtained. 


SECT.  XVI. 
T//C  Biittr  Principle; 


olefiant  and^^| 
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The  bitter  taste  of  certain  vegetables  appesin  to  be- 
owing  to  the  presence  of  a  peculiar  substance,  diSering 
from  every  other  in  its  chemical  properties.  It  may  bt 
extracted  from  the  wood  of  quassia,  the  root  of  gentian, 
the  leaves  of  the  hop,  and  several  other  plants,  by  infu- 
sing them  for  some  time  in  cold  water.  The  characters 
of  this  substance,  originally  described  by  Welthcr,  Iwfe- 
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been  sittendvehr  examined  by  Dr.  Thomson,  who  enume- 
rates ^em  as  loUows.    (Chemistry,  IV.  243.) 

1.  When  water,  thus  impregnated,  is  evaporated  to 
dryness  by  a  very  gentle  beat,  it  leaves  a  brownish  yel- 
low substance,  which  retains  a  certain  degree  of  transpa^ 
rency.  For  some  time  it  continues  ductile,  but  at  last 
becomes  brittk.     Its  taste  is  intensely  bitten 

2.  When  heated,  it  softens,  swells,  and  blackens ;  then 
bums  away  without  flaming  much ;  and  leaves  a  small 
quandty  of  ashes* 

3.  It  is  very  soluble  in  water,  and  in  alcohol. 

4.  It  does  not  affect  blue  vegetable  colours. 

5.  It  is  aot  precipitated  by  the  watery  solution  of  lime, 
barytes,  orttpondtes  ;  nor  is  it  chanffed  by  alkalies. 

6.  Tincture  of  galls,  infusion  of  nut-galls,  and  gallic 
acid,  produce  no  ^ct. 

7.  Of  the  metallic  salts,  nitrate  of  silver  and  acetate  of 
lead  are  the  only  ones  that  throw  it  down.  The  precipi- 
tate by  acetite  of  lead  is  very  abundant ;  and  that  salt, 
therefore,  affords  "die  best  test  for  discovering  the  bitter 
principk,  when  no  other  substances  are  present,  by  which, 
adso,  it  is  decomposed. 

From  recent  experiments  of  Mr.  Hatchett,  it  appears 
that  the  bitter  principle  is  formed,  along  with  tan,  by  the 
action  of  nitric  add  on  indigo. 


SECT.  XVII. 

Narcotic  Principle** 

Opium,  and  other  vegetable  products  possessed  of  a 
narcotic  power,  are  composed  oi  several  of  the  vegetable 
principles,  that  have  already  been  enumerated.  Besides 
these,  however,  they  contain  a  peculiar  one,  in  wtuch  the 
narcotic  virtue  resides. 

'  I.  To  obtain  the  narcodc  principle  from  opium,  let 
water  be  digested  upon  it,  and  the  strained  solution  be 
evaporated  to  the  consistence  of  syrup.    A  gritty  preci- 

*  I  cannot  find,  from  coBverntion  "with  various  chemical  fricndi ,  that 
the  narcotic  principle  hai  been  obtained  leparate  in  thif  countx7. 


2M  VEGKTABt-E  PItpQUCTS>  CBAF.  XV(- 

pitate  will  be^a  to  appear,  which  ia  considerably  in- 
creased by  ililuting  the  liquid  with  water.  This  consists 
of  three  distinct  substances,  resin,  oxygenized  estrnct, 
and  the  narcotic  principle.  Boiling  alcohol  dissolves  the 
resin  and  narcotic  principle  only  ;  and  the  latter  falls 
down  in  crystals,  as  the  solution  cools;  still,  however] 
colnurt-d  with  resin.  The  ciystals  may  be  purified 
repeated  solutions  and  crystallizations. 

11.  1.  The  narcotic  principic,  thus  obtained,  is  whitei 
It  cn'stallizes  in  rectangular  prisms  with  rhoniboidal 
bases.     It  i$  deaOtuie  ol  taste  and  smell. 

2.  It  is  insoluble  in  cold  water,  but  is  soluble  in  4O0 
parts  of  boiling  water,  from  which  it  precipitates  again  aa 
the  solution  cools.  When  thus  dissolved,  it  docs  not  «£■ 
feet  vegk;table  blue  colours. 

3.  It  is  soluble  in  24  parts  of  boiling  alcohol,  and  io 
100  of  cold  alcohol.  Water  precipitates  it,  in  the  state 
of  a  white  powder. 

4-  Hot  ether  dissolves,  but  deposits  it  on  cooling. 
When  heated  in  a  spoon,  it  melts  like  wax. 

5.  It  is  soluble  in  acids,  and  precipitated  by  aUcalies.- 
Witl)  nitric  acid  it  dissolves,  and  becomes  red ;  and  much 
oxalic  acid  is  formed,  a  bitter  substance  remaining. 

6.  It  may  be  combined  with  water  and  alcohol,  by  the 
intervention  of  resin  and  extract,  the  presence  oi  wlticti 
seems  originally  to  render  it  soluble  in  those  fluids. 


dw 


SECT.  XVIII. 

Suber,  and  its  Acid. 


This  name  is  used  to  denote  common  cork  wood,  which 
appears  to  be  possessed  of  peculiar  properties,  especially 
in  its  relation  to  nitric  acid. 

I.  To  a  quantity  of  cork,  grated  into  powder,  and  coi^ 
tained  in  a  tubulated  retort,  add  six  times  its  weight  of 
mtric  acid,  of  the  specific  gravity  1.261  ;  and  distil  the 
mixture,  with  a  gentle  heal,  as  long  as  any  red  vapours 
escape.  Aa  the  distillation  advances,  a  yellow  matter, 
like  wax,  a{^ars  on  the  surface  of  the  liquid.  Whil 
the  contents  of  the  retort  continue  hot,  they  are  to 
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poured  into  a  glass  vessel,  placed  on  a  sand  bath,  and 
constantly  stirred  with  a  glass  rod,  by  winch  means  the 
liquid  gradually  becomes  thick.  As  soon  as  white  pene« 
trating  vapours  appear,  let  it  be  removed  from  the  sand 
bath,  and  stirred  till  it  becomes  cold.  An  orange-co- 
loured mass  will  be  obtained,  of  the  consistence  of 
honey,  having  a  strong  and  sharp  odour  while  hot,  and  a 
peculiar  aromadc  smell  when  cold.  On  this,  pour  twice 
Its  weight  of  boiling  water;  apply  heat  till  it  liquefies; 
and  filter.  The  filtered  liquor,  as  it  cools,  deposits  a 
powdery  sediment,  and  becomes  covered  with  a  thin 
pellicle.  The  sediment  is  to  be  separated  by  filtration ; 
and  the  liquid  reduced,  by  evaporation,  nearly  to  dryness. 
This  mass  is  the  suberic  acid.  It  may  be  purified,  either 
by  saturating  it  with  alkali,  and  precipitating  by  an  acid, 
or  by  boiling  it  with  cYtarcoal  powder. 

II.  Suberic  acid  has  the  following  properties : 

1.  It  is  not  crystallizable. 

2.  It  has  an  acid  and  slightly  bitter  taste ;  and,  when 
dissolved  in  boiling  water,  it  acts  on  the  throat,  and  ex- 
cites coughing. 

3.  It  reddens  vegetable  blues,  atnd  changes  the  bhie 
solution  of  incUg^in  sulphuric  acid  to  green. 

4.  Cold  water  dissolves  about  1-1 50th  its  weight,  and 
boiling  water  half  its  weight. 

5.  It  attracts  moisture  fix>m  the  air. 

6.  When  heated  in  a  matrass,  it  sublimes,  and  is  ob* 
tained  in  concentric  circles,  composed  of  numerous  small 
points. 

r.  With  alkalies,  earths,  and  metallic  osdes^  it  forms  a 
class  of  salts  called  Suberates. 


iERMEKTATIt 


Vinous  Fermentaticn. 

The  phenomena  and  results  of  this  process  should  be 
accurately  examined,  by  means  of  an  apparatus  similar  to 
that  described  in  Lavoisier's  Elements,  Part  IH.  Ch.  vi. 
A  more  simple  one,  however,  will  sufficiently  answer  the 
purpose.  It  may  consist  of  a  large  glass  matrass,  shap- 
ed like  that  (fig.  4-.)  capable  of  holding  10  or  12  pints. 
Into  the  opening  of  the  neclt,  a  glass  tube  may  be  ce- 
mented, which  is  twice  bent  at  right  angles.  The  aper- 
ture of  the  other  leg  may  terminate  in  a  two-necked 
bottle,  from  which  a  bent  glass  tube  is  to  proceed,  and 
to  be  carried  under  the  shelf  of  the  pneumatic  trough,  or 
(which  is  better)  ii-.to  the  receiving-pipe  of  a  gazometer, 
fig.  35.  h.  The  matrass  may  then  be  half  filled  with  a 
solution  of  sugar  in  a  proper  quantity  of  water,  or  with 
}n  infusion  of  malt,  with  the  addition  of  a  little  yeaat. 
When  placed  in  a  room,  the  temperaiure  of  which  is  not 
below  60°  Fahrenheit,  the  fermentation  soon  begins  to 
take  place ;  a  brisk  motion  is  obacr\ed  in  the  liquid ;  it 
becomes  turbid,  and  deposits  some  impurities,  while  a 
frothy  scum  rises  lo  the  surface.  When  the  materials  are 
in  large  quantity,  viz.  suilicient  to  All  a  cask,  a  hissing 
noise  is  heard  in  the  liquid,  and  its  bulk  increases  so 
much,  that,  if  the  vessel  were  full,  it  now  overflows.     At 
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the  same  time,  a  considerable  quantity  of  gas  escapes, 
and  passes,  through  the  bent  tube,  into  the  receiver  in- 
verted in  the  pneumatic  trough,  or  into  the  gazometer. 
During  the  process  of  fermentation,  the  liquor  preserves 
a  higher  temperature  than  that  of  the  surrounding  atmo- 
sphere. After  some  days,  these  appearances  graduaDy 
dechne ;  and,  if  the  process  has  been  weU  conducted,  and 
suspended  at  the  proper  period,  the  result  is  a  liquor,  not 
sweet,  like  that  submitted  to  experiment,  but  having  a 
vinous  taste  and  smell. 

When  the  gas,  contained  in  the  gazometer,  is  exami- 
ned, it  is  found  to  be  carbonic  acid,  holding  in  solution 
something  which  has  a  smell  like  that  of  die  fermented 
liquor.  On  submitung  the  latter  to  distillation,  we  ob- 
tain a  liquid  considerably  lighter  than  water,  and  having  a 
strong  spirituous  taste.  This,  when  deprived  of  tiie 
water  with  which  it  is  combined,  is  alcohol. 


SECT.  IL 

AIcohoL 

I.  To  prepare  alcohol,  the  spirit  of  wine  of  the  ahope^ 
may  be  employed.  To  a  quantity  contained  in  a  glass 
vessel,  the  sub-carbonate  of  potftsh,  perfecdy  dry,  is  to  be 
added ;  the  mixture  is  to  be  well  shaken  ;  die  clear  liquor 
decanted ;  and  this  is  to  be  repeated  as  long  as  the  alkali 
is  moistened  by  the  spirit.  When  enough  has  been  em^ 
ployed,  the  next  addition  will  fall  to  the  bottom  in  a  per- 
fecdy dry  state.  The  dry  muriate  of  lime  may  be  ad* 
vantageously  used  as  a  substitute  for  alkali.  The  dear 
liquid  is  next  to  be  disuUed  by  the  heat  of  a  water-bath  > 
and  the  result  is  pure  alcohol.- 

II.  1.  Alcohol  is  considerably  lighter  than  water,  viz. 
in  the  proportion  of  800  or  820  to  1000.  The  spirit  <# 
wine  of  the  shops,  however,  containing  much  water,  has 
the  specific  gravity  of  835  or  840.  The  quantity  of  al- 
cohol in  mixtures .  of  that  fluid  with  water,  of  almost 
every  degree  of  specific  gravity,  may  be  learned  from  Mc 
Gilpin's  cop^us  Tables.^ 

*  Phil  Tnms.  1794;  or  u  ab»tract.in  Kich.  Jouni.  4to»  Vol  U 

abo  the  Appcndk.  •    ' 


2.  Alcohol  unites  clietDicaUy  with  water  j  caloric  ia 
evolved  (luring  ihis  union  ;  aud  the  bulk  of  the  n-sulting 
liquid  is  leas  than  that  of  the  two  belorc  admixiurt.. — 
Thus  a  pint  of  alcohol  and  a  pint  of  water,  whL'n  the 
mijuuri;  lias  cooled  to  the  temperature  of  the  atntos- 
phere,  falls  considerably  short  nf  two  pint». 

3.  Alcohol  is  highly  inflammable.  During  its  com- 
bustion, carbonic  acid  is  generated  j  and  a  quantity  of 
Water  is  produced  which  exceeds  in  weight  the  alco- 
hol employed.  An  ingenious  apparatus,  tor  tlie  pur- 
jiose  of  ascertaining  this  lact,  is  described  in  the  third 
|)art  of  Lavoisier's  Elements,  and  is  represented  in  the 
9ih  plate  to  that  work,  fig.  5.  The  fiame  of  alcohol  ac- 
quires a  red  colour  from  muriate  of  lime,  and  a  deep  blood 
red  from  the  muriate  cif  strontites. 

4.  Alcohol  boils  at  176",  and  is  converted  into  »  gas. 
which  may  be  exploded  by  passing  an  electric  spiirk 
through  a  mixture  of  it  with  oxygen  gas. 

5.  It  has  never  yet  been  congealed  by  any  degree  of 
artificial  cold. 

6.  By  tranamissioD  through  an  ignited  porcelain  tubef 
alcohol  yields  olefiant  and  hydro-carburet  gases,  with  a. 
small  proportion  of  carbonic  acid  gas.  A  portion  of  fine 
tight  sooty  charcoal  remains  in  the  tube. 

7.  Alcohol  is  a  powerful  solvent.  It  dissolves  soap ; 
vegetable  extract;  sugar;  acidulous  tartritc  of  potash ; 
oxalic,  camphoric,  and  benzoic  acids;  volatile  oils;  re- 
sins i  and  balsams.  It  combines,  also,  with  sulphur,  phos- 
phorus and  the  pure  alkalies. 

B^  distlUaiion  with  certain  acids,  alcohol  forma  ether. 


Etkt^r. 


1 


1.  To  prepare  Sulphuric  Ether,  pour  into  a  retort  any 
(juaniiiy  of  alcohol,  and  add,  at  intervals  sufficient  [o  al- 
low the  mixture  to  cool  after  each  addition,  an  equal 
weight  of  concentrated  sulphuric  acid,  agitating  tliem 
together  each  time.  Let  the  retort  be  plated  in  a  sand 
bath  previously  heated,  and  be  coimected  by  means  oi  an 
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idopter,  widi  a  tubulated  receiver.  To  the  tubulure  of  the 
receiver,  a  glass  tube,  twice  bent  at  right  angles,  may  be 
luted  ;  and  its  aperture  be  immersed  in  a  cuprful  of  water 
or  mercury.  The  condensible  vapour  is  thus  confined; 
while  the  gases  that  are  produced  are  allowed  to  escape. 
The  receiver  should  be  kept  cool  by  die  application  of 
tnoistened  cloths.  As  soon  as  the  materials  begin  to  boil, 
ether  is  produced,  and  passes  over  into  the  receiver.  The 
ebullition  is  to  be  continued,  till  white  vapours  appear  in 
the  retort,  or  a  smell  of  sulphurous  acid  is  perceived  ;  and 
the  receiver  is  then  to  be  removed.  The  liquor,  which  it 
contains,  will  probably  have  a  smell  of  sulphurous  acid« 
To  puriiy  it,  a  small  quantity  of  black  oxide  of  manga- 
nese may  be  added,  and  the  mixture  may  be  kept  in  a 
bottle  about  24  hours,  agitating  it  occasionally.  The 
clear  Uquid  is  then  to  be  decanted,  and  distilled  in  a  water 
bath,  tiU  one  half  has  come  over.  This  is  to  be  preserved 
in  a  well  closed  vial. 

II.  Nitric  ether  may  be  prepared  as  follows.  To  two 
pints  of  alcohol,  contained  in  a  glass  retort,  add,  by  de- 
grees, half  a  pound  of  nitric  acid;  and,  after  each  addi^ 
tion,  cool  the  materials,  by  setting  the  retort  in  a  vessel 
of  cold  water.  Distil  the  mixture  by  a  very  cautiously 
regulated  heat,  till  about  a  pint  and  a  half  have  come 
over.  In  this  state  the  ether  is  far  from  being  pure,  and 
must  be  re-distilled,  with  the  addition  of  pure  potash, 
preserving  only  the  first  half  or  three-fourths  that  come 
over. 

III.  To  prepare  muriatic  ether,  add,  to  a  mixture  of  8 
parts  of  manganese  and  24  of  muriate  of  soda,  in  a  retort, 
12  parts  of  sulphuric  acid,  previously  mixed,  with  the  ne- 
cessary caution,  with  8  of  alcohol,  and  proceed  to  distil- 
lation. The  ether,  thus  obtained,  requires  to  be  rectified 
by  a  second  distillation  from  potash ;  and  is  still  liable  to 
be  contaminated  with  sulphuric  ether.  A  more  certiun 
process,  which  is  not,  however,  unaccompanied  with  some 
difficulty,  consists  in  passing  oxygenised  muriatic  gas 
through  alcohol:  and,  according  to  Klaproth,  this  kind 
of  ether  may,  also,  be  safely  and  effectually  prepared  by 
distilling  equal  parts  of  alcohol  and  oxygenized  muriate 
of  tin.  The  distilled  liquid  is  to  be  rectified  by  a  second 
distillation  with  caustic  potash. 

Oo 
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IV.  Sulphuric  ethtr  will  be  best  employed  to  exhibit 
ihe  properties  of  this  substance,  which  are  the  following; 

1.  It  is  extremely  light,  having  the  specific  gravity, 
when  quite  pure,  of  758. 

3.  It  does  not,  like  alcohol,  combine  with  water  j  and 
when  the  two  fluids  are  sh^ea  together,  tliey  separate 
again  on  standing.  Water,  however,  retains  about  l-lOlh 
its  wtiglit  of  ether.  By  repeated  agitation  with  water, 
etlier  is  brought  to  a  high  degree  of  purity,  and  acquires 
the  properly  of  dissolving  caoutchouc. 

The  process,  as  perfornicd  in  his  presence  by  Mr.  Winch 
of  Loudon,  is  described  by  Faujas  St.  Fond  as  follows. 
Let  a  pint  of  good  sulphuric  ether  be  put  into  a  bottle 
(or,  in  preference,  into  the  separator,  plate  I.  fig.  3.)  along 
with  two  pints  of  water ;  agitate  the  two  liquids  repcat- 
edh(  together;  then  let  them  stand  till  the  ether  has  risen 
to  the  surface  ;  and  draw  off  the  water  through  the  lower 
cock,  leaving  the  ether  in  the  vessel.  Repeat  this  pro- 
cess three  or  four  times,  or  till  scarcely  one-third  of  the 
ether  remains  ;  and  decant  the  residue  into  a  well  stopped 
viaL  In  this  ether  the  elastic  gum,  cut  into  thin  blips, 
soon  begins  to  swell ;  hut  its  action  is  slow,  and  about  thi 
end  ot  five  days,  the  solution  is  completed.  The  method 
of  fijrming  tt^s,  ike.  with  this  solution,  is  described 
the  first  volume  of  Faujas's  Travels  in  England,  ch.  1. 

3.  Ether  is  extremely  volatile.     A  few  drops,  poured 
on  the  hand,   evaporate  instantl)' ;  and  produce  a  sense     ^ 
great  cold.     By  pouring  a  small  stream  of  ether,  on 
ihennoincter  bulb  filled  with  water,  from  a  capillary  lul 
the  water  is  frozen,  even  in  a  warm  summer  atmosphere. 

4,  A  mixture  of  sulphuric  and  muriatic  ethers  evapo- 
rates insUntuneously,  and  produces  a  degree  of  cold  con- 
siderably below  0  of  Fahrenheit. 

5..  E'her  assumes  a  solid  form,  by  reducing  its  tempe- 
rature to — 46°  Fahrenheit, 

6.  Ether  is  converted  into  a  gas,  either  by  raising  its 
temperature,  or  diminishing  the  pressure  of  the  atmo- 
sphere on  its  surface.  The  experiments  proving  this  have 
already  been  described. 

7.  Ether  does  not  dissolve  the  fixed  alkalies,  but  coniK 
bines  with  ammonia. 

8.  It  dissolves  essentia!  oils  and  resins. 

9.  It  i^  iighly  infiammable.     This  is  best   shewn 
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passing  a  few  drops,  into  a  receiver  furnished  with  a  brass 
cap  and  cock,  to  which  a  small  pipe  is  screwed,  and  in- 
verted in  water  of  the  temperature  of  100**.  The  receiver 
will  be  filled  with  the  gas  of  ether,  which  may  be  expelled 
through  the  pipe  and  set  on  fire.  It  bums  with  a  beau« 
tiful  deep  blue  flame/ 

10.  When  it  is  previously  mixed  with  oxygen  gas,  it 
detonates  loudly.  Into  a  strong  two-ounce  vial,  filled 
with  oxygen  gas,  and  wrapped  round  with  a  cloth,  let 
fall  a  drop  of  ether.  On  applying  the  flame  of  a  candle, 
a  violent  detonadon  will  ensue.  Or  to  a  portion  of  oxy- 
gen gas,  contained  in  the  detonating  tube,  flg.  28.  pass  up 
a  drop  or  two  of  ether.  The  volume  of  the  gas  will  be 
much  increased ;  and,  on  transjnitdng  an  electric  spark, 
a  violent  detonation  will  ensue,  which  will  probably  shat- 
ter the  tube.  In  an  experiment  of  Mr.  Cruickshank,  3 
measures  of  oxygen  and  1  of  ethereal  gas  detonated  most 
violently,  and  2  1-3  measures  of  carbonic  acid  gas  were 
produced. 

The  following  experiment,  evincing  the  inflammability 
of  ether,  is  described,  by  Mr.  Cruickshank,  in  Nichol- 
son's Journal,  4to.  v.  205: 

Fill  a  bottle  of  the  capacity  of  three  or  four  pints,  with 
the  pure  oxygenized  muriadc  acid  gas,  taking  care  to  ex- 
pel the  water  as  completely  as  possible.  Then  throw 
into  it  about  a  dracHm  or  a  drachm  and  a  half  of  good 
ether,  covering  its  mouth  immediately  with  a  piece  of 
light  wood  or  paper.  In  a  few  seconds  white  vapour  will 
be  seen  moving  circularly  in  the  botde,  and  this  will  soon- 
be  followed  by  an  explosion,  accompanied  with  flame. 
At  the  same  time  a  considerable  quantity  of  carbon  will 
be  deposited,  and  the  botde  will  be  found  to  contain  car- 
bonic acid  gas. 

The  same  effect  is  produced,  but  more  slowly,  by  al- 
cohol;  and,  along  with  the  carbonic  acid  and  carbon,  a 
litde  ether  is  produced. 

11.  According  to  Mr.  Cruickshank,  the  proportion  of 
carbon  to  hydrogen  is  in  alcohol  as  8  or  9  to  1,  and  in 
ether  as  5  to  1. 


ACCTIC    ACID. 


Acetous  and  Acetic  Acids. 


It  Acetous  acid  may  be  ohtaJncd,  by  exposing  to  t 
aimosphtrc,  the  turmtnttd  liquor  IVom  mult  or  sugar, 
a  limperaturc  between  75°  .mcl  90"  ol'  F^ihrenheit.  The- 
licjuor  bccomts  warm  ;  a  number  of  ropy  filaments  ap- 
pear; and,  after  si-viral  da)s  exposure,  it>acquire3  an  acid 
taste  and  smell.  Little  or  no  gaa  is  produced ;  but,  on 
the  contrary,  the  atmosi-lieric  nx\gen  is  absorbed.  To 
this  change,  exposure  to  the  air  or  to  oxygen  gas  is  an 
indispensilile  condition  i  whereas  the  vinous  femicntatioa 
ma\'  be  performed  in  close  vessels,  or  at  least  in  ve&scls, 
which  only  allow  egnss  to  the  elastic  fluids. 

2.  The  vinegar  thus  obtained  is  far  from  being  pure* 
It  is  contaminated  with  mucilage  and  extract,  snd  may 
be  purified  from  these  by  diEttllation,  rejecting  the  first 
portions  that  come  over.  When  thus  distilled,  it  may  be 
taken  as  an  example  of  acetous  acid. 

Acetous  acid  may,  also,  be  obtained  by  the  diBtillatioD 
of  wood,  and  various  other  vegetable  substances,  in  iron 
vessels. 

3.  Acetous  acid  unites  with  alkalies,  earths,  and  me- 
tallic oxides. 

When  potash,  saturated  with  this  acid,  is  evaporated 
to  drjness,  the  salt  assumes  a  black  colour.  On  beings 
re-dissolved,  however,  and  again  evaporated,  the  salt  is 
obtained  white,  and,  when  fused  and  suffered  to  cool,  af- 
fords the  acetate  of  potash. 

This  salt  strongly  attracts  moisture  from  the  air,  and  is 
very  soluble  in  water.  When  exposed  to  a  prettv  strong; 
heat  it  is  decomposed;  carbonic  acid  and  car bu retted  hy- 
drogen gases  come  over ;  and,  in  the  retort,  there  remaiixa 
a  mixture  of  carbon  with  carbonate  of  potash. 

When  this  salt  is  distilled,  with  half  its  weight  of  sul 
phuric  acid,  the  vegetable  acid  is  txpelled   in  a  vet^- coi»2^ 
ccntrated  form,  mixed  with  sulphurous  acid.     Digestion  ' 
with  a  small  portion  of  manganese,  and  subsequent  dis- 
tillation, affords  it  pure.     It  may  be  obtained,  also,  by 
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distilling  equal  parts  of  acetate  of  lead  and  sulphate  of 
copper. 

The  crystallized  acetate  of  copper,  contained  in  a  glass 
retort,  which  may  be  nearly  filled  with  the  salt,  is  to  be 
submitted  to  distiUauon  in  a  sand  heat.  The  acid  that 
comes  over  has  a  green  colour,  and  requires  to  be  recd- 
fied  by  a  second  distillation. 

4.  The  acetic  acid,  in  the  temperature  of  SS""  of  Fah- 
renheit, congeals  or  becomes  glacial,  and  again  liquefies 
at  39^ 

5.  When  distilled  with  alcohol,  it  affords  an  ether 
termed  acetic  ether* 

The  acetous  acid  may  be  also  combined  vrith  oxides  of 
lead  and  ot  copper.  Lead  corroded  into  a  white  oxide, 
or  rather  sub-acetate,  by  the  fumes  of  vinegar,  forms  ce- 
ruse, or  white-lead,  which,  when  dissolved  in  disdlled 
vinegar  and  cr}'staUized,  constitutes  the  acetate,  or  sugar 
of  lead.  This  salt  is  not  decoinposed  without  the  addi- 
tion of  sulphuric  acid.  Copper,  corroded  in  a  similar 
manner,  produces  verdigris,  which  when  dissolved  in  dis« 
tilled  vinegar,  affords  a  crystallizable  salt,  called  acetate 
of  copper.  From  this  the  acetic  acid  may  be  separated 
by  distillation  per  se. 

From  the  eiq)eriments  of  Darracq,  it  appears  that  acetic 
acid  differs  from  the  acetous,  only  in  containing  less  wa- 
ter and  no  mucilage.  This  chemist  succeeded  in  convert- 
ing the  acetous  into  the  acetic  acid,  merely  by  abstracdng 
its  water  by  muriate  of  lime,  under  circumstances  where 
no  fEOther  oxygenation  could  take  place.  Both  terms^ 
however,  may  be  ret^ned  for  the  ssdce  of  brevity  of  ex* 
pression,  the  acetous  denoting  the  dilute  acid,  as  obtained 
by  fermentation,  &c. ;  and  the  acetic,  the  acid  in  its  most 
concentrated  state. 
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Animal  yelly^  or  Gelatine. 

To  exhibit  the  properties  of  gelatine,  a  solution  of  ii 
glass,  in  water,  may  be  employed. 

The  distinguishing  characters  of  gelatine,  are, 

1.  Its  solution  in  warm  water  concretes,  on  cooling,  j 
to  a  gelatinous  mass  ;   and  this  effert  takes   place  wlu 
the  real  quantity  of  solid  gelatine,  in  the  solution,   i' 
not  exceed  1-IOOih  part  its  weight.     (Bostock.) 

2.  When  the  solution  of  gelatine  is  evaporated,  it 
forms  a  tough  semi-transparent  mass,  which  may  again 
be  dissolved  in  water,  and  more  readily  with  the  aid  of 
heat. 

3.  The  solution  of  gelatine,  exposed  to  the  air,  be- 
comes sour,  or  undergoes  the  acetous  fermentation. 

4.  It  is  precipitated  \ff  a  solution  of  tan,  in  the  form 
of  a  dense  coagulum  ;  which,  when  dry,  has  a  vitreous 
fracture  ;  is  quite  Insoluble  in  water*  and  in  alcohol ; 
but  recovers  its  elasticity  if  moistened  with  warm  water. 
— This  compound  is  the  preservative  part  of  tanned  Itil 
ther,  to  which  it  imparts  the    piopeny   of  resisting  tf 

ission  of  moisture.     An  infusion  of  tan  detects  fl 
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latme,  when  the  latter  constitutes  only  l-50(X)th  the  bulk 
of  the  solution.     (Bostock.) 

5.  Gelatine  is  not  precipitated  by  Goulard^s  extract 
of  lead  (prepared  by  boiUng  litharge  in  distilled  vinegar,) 
nor  by  a  soludon  of  corrosive  muriate  of  mercury.  It 
is  slig^dy  precipitated  by  nitrate  of  silver,  and  by  muri- 
ate  of  gold,  provided  it  is  present  in  not  less  than  1 
part  to  50  of  the  solution.  From  Dr.  Duncan,  junior,  I 
learn  that  gelatine  is  precipitated  by  sub-carbonate  of 
potash. 

6.  Gelatine,  when  evaporated,  forms  the  basis  of  por- 
table soup,  isinglass,  glue,^  &c.  It  may  be  extracted 
from  all  the  soft  parts  of  animals  by  boiling;,  and  even 
fipom  the  bones.  It  constitutes  the  nutritious  part  of 
jellies,  soups,  &c. 


SECT.  IL 

Albumen. 

1.  The  white  of  an  egg  aflfbrds  a  good  example  of  ani- 
mal albumen ;  though  it  appears  from  Dr.  Bostock's  tjs^ 
periments,  not  to  be  this  substance  in  a  perfecdy^pure 
state,  but  to  contam,  in  100  parts,  80  water,  15|  solid  aU 
bumen,  and  4^  uncoagulaUe  matter* 

2.  The  solution  of  albumen,  which  maybe  obtained 
by  agitating  the  white  of  an  egg  with  water,  is  coagu- 
lablebyheat;  and  gives  a  manifest  opaci^,  even  when 
tt  composes  only  1-lOOOth  the  weight  ot  the  solution. 
In  its  undiluted  state,  it  is  coagulated  by  a  temperature 
of.  160^  into  a  solid  mass,  of  a  smooth  homogeneous  tex- 
ture. This  coagulum  cannot  be  again  dissolved  in  wa- 
ter, and  b  soluble  only  in  fixed  alkalies.  During  its  so- 
lution in  alkalies,  ammonia  is  evolved. 

3.  Albumen  is  precipitated,  by  solution  of  muriate  of 
mercury^  in  a  curdy  form ;  not  immediately,  however,  if 
the  solution  be  very  d'dute.  Nitro-muriate  of  tin  preci- 
pitates it,  but  less  readily.     Infusion  of  galls,  containing 

*  For  an  accoont  of  the  prq>arauon  of  gbe,  ace  Nicholtoii* 
8vo.  ii.  235. 


296 


.NIMAL    SUB^ANCE^. 


in  loo  pans  3j  of  solid  extract,  has  no  immediate 
on  a  solution  containing  I-lOOOih  part  of  albumen,  hut, 
after  some  time,  a  precipitate  ensucS.     Goulard's  extract 
occasions  an  abundant  dense  prtcipitate.     Nitrate  of 
ver,  and  muriate  of  gold,  throw  down  a  stdiment ;  and 
concentraltd  solution  of  alum  coagulates  undiluted  all 

4.  On  exposure  to  the  atmosphere  in  a  moist 
bumen  passes  at  once  to  the  state  of  putrt faction ■ 

5.  When  nitric  acid  is  poured  on  coagulated  albumen 
in  »  retort,  and  a  gentle  heat  is  applied,  azotic  gas  is  di». 
engaged,  which  proceeds,  not  from  the  acid,  but  from  the 
animal  matter. 

6.  Albumen,  like  gelatine,  is  precipitated  by  tan  j  but 
the  precipitate  is  characterized  by  very  different  appear- 
ances and  properties. 

7.  Albumen  forms  a  large  part  of  the  blood,  and  of  the 
solid  parts  of  animals  [  and,  with  iht-  exception  of  water, 
perhaps  composes  the  largest  part  of  the  animal  body<— 
It  is  used  in  clarifying  solutions  of  sugar  and  other  ^ 
quids. 


ida^_ 

:4 


Animal  Mucilage. 


ay.— .^ 

1 


-  This  solution  lias  been  supposed  to  be  merely  a 
fication  of  gelatine  ;  but,  from  the  experiments  of  Dr.  Bo- 
stock,  it  appears  to  be  characterized  by  very  different 
properties.  These  properties  may  be  exhibited  by  saliva, 
diffused  by  agitation  in  water,  or  by  agitating  on  o\stcr  in 
water. 

1.  MuciUge  does  not  coagulate  on  the  application  of 
heat ;  nor  does  it  gelatinate,  when  its  heated  solution 
cools. 

2.  It  is  not  precipitated  by  nn  infusion  of  ton  ;  hut,  at 
ter  some  time,  a  slight  turliidness  is  perceptible.  This, 
however,  appears  to  be  owing  to  the  prcseUfe  of  a  small 
portion  of  gelatine. 

3.  Muriate  of  mercur\-,  which  is  a  delicate  test  of  al- 
bumen, has  no  effect  on  mucilage ;  nor  is  it  precipiiattd 


bjr  Goidard's  extract,. which  indicates  veiy  minote  quaii* 
tities  of  jelly. 


SECT.  IV. 

Ghiteriy  or  Fibrin. 

I.  Gluten  forms  the  basis  of  the  muscular  or  fleshy 
parts  of  animals,  and  remains  combined  with  albumen^ 
when  all  the  soluble  parts  have  been  washed  away  by  wa- 
ter. It  may  also  be  obtained  from  coagulated  blood,  by 
laying  thb  on  a  linen  strainer,  and  pouring  water  i:^n 
it,  till  a  white  fibrous  matter  alone  remsuns. 

For  the  purpose  of  submitting  gluten  to  a  series  of  ex> 
periments,  Mr.  Hatchett  obtidned  it  by  digesting  shreds 
of  lean  beef,  during  15  dajrs,  in  water,  which  was  changed 
daily,  the  temperature  being  such  as  not  to  excite  putre« 
Stiction.  The  shreds  of  muscle  were  then  boiled  for  five 
hours  every  day,  during  three  weeks,  changing  the  water 
every  day;  and,  finally,  the  residue  was  put  into  a  press, 
and  dried  by  the  heat  of  a  water  bath. 

II.  Gluten  has  the  following  characters  : 

1.  It  has  a  white  colour,  and  is  destitute  of  taste  and 
smell.  It  is  soft  and  elastic,  and  becomes  of  a  deeper 
colour  on  drying. 

2.  It  undergoes  no  change,  when  exposed  to  the  air  in 
a  moist  state ;  nor  is  it  changed  by  bebg  kept  under  wa- 
ter. 

3.  When  exposed  to  heat  it  contracts,  and  moves  Ykft 
a  slip  of  horn,  exhaling  at  the  same  time  a  smell  of  bum- 
mg  leathers.  Exposed  to  a  stronger  heat  in  close  vessels, 
it  yields  water,  carbonate  of  ammonia,  a  thick  heavy  fetid 
oil,  and  carbonic  acid,  and  hydro-carburet  gases.— It 
leaves  a  larger  proportion  of  charcoal,  than  either  gela* 
tine  or  albumen. 

4.  It  is  insoluble  in  water,  except  by  the  heat  of  a  Pk- 
pin's  digester,  and  also  in  alcohol,  ether,  and  oils. 

5.  It  is  readily  soluble  in  adds.  Sulphuric  acid  dis- 
solves  it,  and  acqmres  a  deep-brovm  colour  i  charcoal  is 
precipitated,  and  acetic  acid  b  formed.  Muriatic  acid 
converts  it  ipto  a  gpreen  jetty.    Acetic,  citric^  oxalict  and 
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uutarous  acids,  dissolve  it ;  and  die  solutions,  when  con- 
centrated, assume  the  appearance  of  jelly. 

6.  From  acid  solutions,  alkalies  precipitate  gluten,  "m 
flakes,  which  are  soluble  in  hot  water,  and  which  resem- 
ble gelatine  in  properties. 

7.  Diluted  nitiic  acid  separates  a  larger  quantity  of 
azotic  gas  from  gluten,  than  from  any  other  animal  sub- 
stance. The  dissolved  portion,  when  concentrated  by 
evaporation,  and  dissolved  in  hot  water,  is  precipitated 
by  tan  and  nitro-murlate  of  tin,  and  possesses,  therefore, 
the  characters  of  gelatine. 

8.  Concentrated  solutions  of  potash  and  soda  dissolve 
gluten,  evolve  uminonia,  and  a£[ord  a  compound  resem- 
bling soap. 


Ure 


J 

i   CODt^H 
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Urea  may  be  obtained  by  the  followiog  process 
Evaporate,  by  a  verj'  gentle  heat,  a  portion  of  hu 
urine,  voided  six  or  eight  hours  after  a  meal,  to  the 
sistence  of  syrup.  In  this  state  it  concretes,  on  cooling, 
into  a  crystalline  mass.  Pour  on  this,  at  different  times, 
four  parts  of  alcohol,  and  apply  a  gendc  heat,  which  will 
effect  the  solution  of  the  greater  portion.  Distil  the  so- 
lution by  alcohol  in  a  retort,  till  it  acquires  the  consist- 
ence of  syrup,  which  is  to  be  poured  out  of  the  retort. 
On  cooling,  it  forms  a  crystallized  substance,  which  is 
the  urea. 

II.  1.  Urea  has  the  form  of  crystalline  plates,  crossing 
each  other  in  various  directions.  It  has  a  yellowish-white 
colour ;  a  smell  somewhat  like  that  of  garlic  ;  is  viscid, 
and  dif&cult  to  cut ;  and  has  an  acrid  strong  taste.  It 
deliquiates,  when  exposed  to  the  air,  into  a  thick  brown 
liquid.  It  is  extremely  soluble  in  water,  and  absorbs  ca- 
loric during  solution.  Alcohol  dissolves  it  readily,  but 
in  less  proportion  ;  and  the  alcoholic  solution  )  ields  crys- 
tals more  readily  than  the  watery  one. 

2.  The  concentrated  solution  of  urea,  in  water,  jields, 
on  the  addition  of  nitric  acid,  a  copious  precipitate  of 
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bright  peari-coloured  crystals.    No  other  acid  produces 
thb  singular  effect. 

3.  Tne  concentrated  solution  of  urea,  in  water,  is 
brown ;  but  becomes  yellow,  when  largely  diluted.  In- 
fusion of  gaUs  gives  it  a  yellowish-brown  colour,  but 
causes  no  predpitate ;  nor  is  it  precipitated  by  infusion  of 
tan. 

4.  When  heat  is  applied  to  urea,  it  melts,  swells,  and 
evaporates,  with  an  insufferably  fetid  smell.  By  distilfa^ 
tion,  it  yields  above  2-dds  its  weight  of  carbonate  of  am- 
monia; about  l«4th  of  benzoic  acid;  besides  charcoal,  caf- 
buretted  hydrogen,  and  muriates  of  soda  and  ammonia. 

5.  The  soludon  of  urea,  in  water,  putrefies,  and  is  slow- 
ly decomposed ;  but  much  more  tapidly^  if  a  litde  gela- 
tine be  added. 

6.  When  a  mixture  of  urea,  with  one-fourdi  its  weight 
of  diluted  sulphuric  acid,  is  distilled,  a  quantity  6f  oil  ap- 
pears on  the  surface,  which  concretes  by  cooling ;  acetic 
acid  passes  over  into  the  receiver  ;  and  sulphate  of  am- 
monia remains  in  the  retbrt.  The  repetition  of  this  prou 
cess  converts  the  whole  of  a  portion  of  urea  into  ammonia 
and  acetic  add. 

7.  Nitric  acid  acts  rapidly  on  urea ;  nitrous,  azotic,  and 
carbomc  acid  gases,  are  disengaged ;  and  prussic  acid  aQQd 
ammonia  are  generated. 

8.  Muriatic  acid  dissolves  urea  without  alteration. — 

_  * 

Oxy-muriatic  acid  gas  converts  it  into  carbonate  and  mvh 
riate  of  ammonia. 

9.  The  pure  fixed  alkalies  dissolve  urea,  with  a  disen- 
gagement of  ammonia. 

10.  Urea  has  the  property  of  changing  the  form  of  the 
crystals  of  muriate  of  soda  ;  a  solution  of  that  salt,  mix- 
ed with  one  of  urea,  affording,  on  evaporation,  octahe- 
dral crystals.  Muriate  of  ammonia,  on  the  contrary, 
which  usually  crystallizes  in  octohedrons,  has  the  form 
of  its  crystals  altered,  by  similar  treatment,  to  that  of 
cubes. 
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The  properties  of  animal  resins  have  not  been  fuUy  in- 
vestigated 1  but,  so  far  as  they  have  hitherto  been  cxaroi- 
oed,  they  appear  to  differ  considerably  from  vegetable  re- 

I-  The  resin  of  bile  may  be  obtained  by  the  following 
process  :  To  32  parts  of  recent  ox  bile,  add  one  of  con- 
centrated muriatic  acid.  When  the  mixture  has  stood 
Some  hours,  strain  it,  in  order  to  separate  a  white  coagu- 
lated aubsunce.  Pour  the  filtered  Liquor,  which  has  a 
fine  green  colour,  into  a  glass  vessel,  and  evaporate  by  a 
gentle  heat.  At  a  certain  point  of  concentration,  a  green 
Sediment  falls  down,  which,  alter  being  separated  from 
the  liquid  part,  and  washed,  affords  resin. 

1.  The  resin  of  bile  has  a  dark-brown  colour ;  but,  if 
spread  out  fine,  on  a  white  ground,  it  exhibits  a  bright 
grass-green.     It  ia  intensely  bitter. 

2.  At  about  122°  it  melts,  and  in  a  high  temperature 
burns  rapidly.  It  is  soluble  both  in  cold  and  hot  water, 
and  still  more  soluble  in  alcohol,  front  which  it  is  in  part 
precipitated  by  water. 

3.  With  pure  alkalies  it  combines,  and  forms  a  com- 
pound, which  has  been  compared  to  soap.  From  these 
it  is  precipitated  unchanged  by  acids. 

4.  When  further  oxygenized,  by  adding  oxymurialic 
acid  to  bile,  the  resinous  portion  has  its  properties  con^ 
derably  changed ;  it  acquires  the  colour  and  consistence 
of  tallow  i  melts  at  104* ;  and  dissolves  in  alcohol  and  in 
hot  water. 

5.  Besides  this  resin,  there  are  several  animal  substaiu 
ces  which   possess  similar  qualities.     Such  are  the  ear- 
wax,  ambergris,  castor,  &(c. ;  for  an  account  of  which 
reader  may  coosidt  the  4th  volume  of  Thomsoa'a  CI 
try. 
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SECT.  VIL 

Jbwnal  Sugar* 

Sugar  enteiB  oretty  largely  into  the  composition  of 
milk  ;  and  into  me  urine,  when  altered  by  disease.  It 
nay  be  obuuned  bom  milk  by  the  following  process : 

I.  Let  whey  be  evaporated  to  the  consistence  of  ho- 
ney, and  allowed  to  cool.  It  concretes  into  a  solid  mass, 
mich  is  to  be  dissolved  in  water,  clarified  by  whit^  of 
eggs,  filtered,  and  again  evaporated  to  the  consistence  df 
syrm*  On  cooling,  a  number  of  brilliant  white  crystals 
are  deposited,  wluch  are  the  sugar  of  milk. 

1.  Sugar  c^  milk  has  a  sweetish  taste,  and  no  smell. 

2.  It  requires,  for  solution,  seven  parts  of  water,  and 
is  insoluble  in  alcohol.  In  these  properties  it  differs  frorik 
common  sugar,  and  also  in  its  relation  to  nitric  acid, 
which  will  be  afterwards  stated. 

IL  The  urine  of  diabetic  patients  yields  sugar  on  evak 
poradon,  which  approaches  more  nearly  in  its  characters 
to  those  of  vegetaUe  «ugar,  but  cannot,  like  the  latter,  be 
made  to  crystallize. 


SECT.  VIII. 

Antmal  Oils* 

Ammal  oils  differ  from  die  vegetable  oils,  in  being  ge- 
nerally solid  at  the  temperature  of  the  atmosphere,  but 
are  similar  to  them  in  ouier  properties'.  Among  animal 
oils,  may  be  ranked  butter,  tallow,  lard,  suet,  spermaceti, 
&c 

Spermaceti  bears  some  resemblance  to  wax,  but  di£fbrs 
from  it  in  other  properties.  It  is  more  readily  fusible  \ 
is  less  soluble  in  boiUng  alcohol,  of  which  it  requires  1 50 
times  its  weight ;  it  is  copiously  dissolved  by  boiling 
ether  ;  and  the  solution,  on  cooling,  becomes  a  coagula- 
ted mass.  Pure  potash  acts  on  it  more  remarkably  than 
on  was  ;  and  the  compound  is  quite  soluble.     A  heated 
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solution  of  ammonia  aflbrda  a  liquid,  which  is  not  preci- 
pitated by  cooling,  or  by  the  addition  of  water  i  but  is 
decomposed  by  acids. 

A  singular  instance  of  the  production  of  animal  oil 
from  the  lean  or  muscular  part  of  animals,  is  presented 
by  the  conversion  of  muscle  into  a  substance  resembling 
spermaceti,  and  called  by  the  French  chemists  ndipocire. 
To  effect  this  conversion,  it  is  only  necessary  to  confine 
the  fleshy  part  of  an  animal  in  a  box,  with  several  holes 
in  it,  under  the  surface  of  a  running  stream.  When  thus 
confmed,  the  change  takes  place  spontaneously  in  the 
course  of  a  few  months.  But  it  may  be  accomplished 
much  sooner,  by  digesting  animal  muscle  in  strong  ni- 
tric acid,  and  washing  off  the  acid  by  water  as  soon  as 
the  change  has  ensued.  The  substance,  thus  obtained, 
may  be  bleached,  by  exposure  to  the  oxygenized  muria- 
tic acid  gas. 

Adtpocire  has  a  light-yellow  colour,  the  consistence  of 
tallow,  and  a  homogeneous  texture.     It  melts  st  an  infi*-     ^ 
rior  temperature  to  either  of  the  foregoing  bodies.     CoULflH 
alcohol   has  little  action,  but,  when   heated,  dissolves  It  ^1 
rapidly.     On  cool'mg,  it    is  deposited  nearly  white,  aftd 
the  alcohol  has  acquired  a  yellow  tinge.     Boiling  ethe^ 
dissolves  nearly  one-fourth,  which  separates,  nearly  white, 
on  cooling.     Fixed  alkalies  act  on  this,  as  on  wax  and 
spermaceti.      Cold  ammonia  scarcely  attacks  it,  and  io 
this  respect  it  differs  from  both  the  preceding  substances. 


SECT.  IX.  21 

Animal  Adds.  ^j 

Of  the  acids,  that  have  hitherto  been  discovered  to  en- 
ter into  the  composition  of  animal  substances,  several 
have  already  been  described,  viz.  the  phosphoric,  sulphu- 
ric,  muriatic,  carbonic,  benzoic,  acetic,  and  malic.  Be- 
sides these  the  following  are  either  component  parts  of 
animal  substances,  or  are  formed  by  treating  them  with 
chemical  agents. 

I.  The  uric  acid,  or  lilHk  acid,  is  one  of  the  vaast  com* 
mon  ingredients  of  urinary  calculi,  and  exists  also  in  hu- 
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man  urine.  One  species  of  calculus,  which  resembles 
wood  in  appearance,  is  almpst  entirely  composed  of  it  In 
diis  state  it  has  a  brown  colour  ;  is  hard,  and  crystallized 
in  small  scales. 

1.  Uric  acid  is  destitute  both  of  taste  and  smell ;  is 
insoluble  in  cold  water,  but  soluble  in  360  parts  of  boil- 
ing water ;  from  which,  on  cooling,  most  of  the  acid  pre- 
cipitates. The  solution  reddens  vegetable  blue  colours, 
and  combines  readily  with  alkalies.  The  combination 
of  uric  acid  with  soda,  forms  the  principal  part  of  the 
concretions  found  near  the  joints  of  gouty  persons ;  and 
die  substance  occasionally  voided  along  with  urine,  and 
called  gravel,  consists  chiefly  of  uric  acid. 

2.  Nitric  acid  dusolves  the  uric  acid,  and  the  solution 
has  a  pink  colour,  which  it  imparts  to  the  skin  when  ap- 
plied to  it*  If  the  solution  be  boiled,  azotic  and  carbonic 
acids  escape,  and  prussic  acid  is  formed. 

3.  When  the  uric  acid  is  distilled,  about  one-fourth 

Sisses  over,  litde  altered,  and  crystallized  in  plates;  a 
w  drops  of  thick  oil  make  their,  appearance  ;  and  car- 
bonate of  ammonia,  with  some  prussic  acid,  water,  and 
carbonic  acid,  are  obtiuned.  In  the  retort  there  remains 
about  l-80th  of  charcoal. 

II.  The  rosacic  acid  is  well  known  to  physicians,  as  a 
deposit  from  the  urine  at  certain  stages  of  fever,  and 
other  diseases,  under  the  name  of  lateritious  sediment.-— 
According  to  Proust,  this  segment  contsdns,  mixed  with 
uric  acid  and  phosptmte  of  lime,  a  peculiar  acid,  which 
he  terms  the  rosacic,  from  its  resemblance  in  colour  to 
that  of  the  rose.  This  acid,  he  observes,  differs  chiefly 
from  the  uric,  in  being  very  soluble  in  hot  water  ;  in  ha- 
ving litde  tendency  to  crystallize;  and  in  precipitating 
muriate  of  gold  of  a  violet  colour. 

III.  The  amniotic  acid  has  been  discovered  by  Four- 
croy  and  Vauquelin,  in  the  liquor  of  the  amnios  of  the 
cow,  from  which,  by  slow  evaporation,  it  separatees  in 
white  crystals.  It  has  a  brilliant  white  appearance  ;  a 
sUght  degree  of  sourness ;  reddens  vegetable  blues ;  is 
scarcely  soluble  in  cold  water,  but  readily  in  hot,  from 
which  it  separates,  on  cooling,  io  long  cr\  stals.  It  is  al- 
so soluble  in  heated  alcohol.  It  combines  readily  with 
alkalies. 

IV.  The  lactic  acid  forms  a  component  part  of  sour 
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milk ;  from  wtuch  the  acid  may  be  obtained  by  gently 
cvaporaang  it  to  about   l-8th ;  Bltering,  to  separate  tM 
curd  ;  and  adding  lime-water  to  the  residue.     An  ean]ty> 
precipitate  is  formed ;  and  the  lime  combines  with 
acid,  from  which  it  may  be  precipitated  by  oxalic  a 
The  lactic  acid  is  thus  obtained  in  an  impure  state, 
solved  in  water.     Evaporate  the  solution   to  the  conati 
Cence  of  honey ;  on  this  pour  alcohol,  and  filter  the  M 
lution.     When  the  alcohol  is  separated  by  distilladon,  the 
lactic  acid  remains  pure. 

This  acid  has  a  ycUow  colour,  is  not  susceptible  of  be- 
ing cr)'stallized,  and  attracts  the  humidity  of  the  At.  It 
combines  with  the  alkalies  and  earths,  and  fortns  delique* 
scent  salts.  It  dissolves  iron  and  zinc,  with  a  productioa 
of  hydrogen  gas.  It  unites  also  with  the  o:udes  of  other 
metals.  In  its  properties,  it  bears  most  resemblance  to 
acetic  acid. 

V.  The  sacchsiuctic  acid  is  formed  by  pouring  on  pow- 
dered sugar  of  milit,  in  a  stoppered  retort,  four  times  its 
weight  of  nitric  acid,  and  distilling  off  a  considerable 
portion  of  the  liquor.  On  leaving  it  to  crystallize,  oxa- 
lic acid  is  obtained  ;  but  if,  instead  of  this,  the  liquid  be 
suddenly  diluted  with  water,  a  white  sediment  fonttfi^^l 
which  may  be  separated  by  decantation  and  washing.        ^^| 

It  may  also  be  obtained  by  pouring  on  one  pan  Q^^l 
gum-arabic  in  a  stoppered  retort,  two  parts  oi  nitrie  ^^ 
acid  i  applying  heat  a  short  time,  till  a  little  nitrous  and 
carbonic  acid  gases  have  come  over,  and  then  allowing 
the  mixture  to  cool.  A  white  powder  gradually  sepa- 
rates, from  whicli  the  liquid  is  to  be  decanted.  The  pow- 
der, after  being  washed  several  times  with  cold  water,  is 
saccholactic  ucid. 

This  acid  is  about  I-4tb  more  soluble  in  hot  than  in 
cold  water.  Of  the  former  it  requires  80  parts.  The  so- 
lution is  acid,  and  reddens  the  colour  of  litmus.  It  com- 
bines with  alkalies,  Etc.  and  forms  a  genus  of  salts  called 
Saccholactates. 

VI.  The  ieback  acid  may  be  obtained  from  various  spe- 
cies of  animal  fat.  The  simplest  process  for  separating 
it  is  that  of  Guyten.  To  hog's  lard,  melted  in  an  iron 
Itetde,  add  pulverized  quicklime,  and  stir  the  mixture  for 
a  few  minutes,  raising  the  heat  towards  the  end  of  the 
process.     When  cold,  the  lard  wilt  be  found  to  bsveb 
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aotidity.  Pour  on  k  a  large  quantity  of  water  V  b^il  them, 
together,  JUid  fiker  the  liquid.  A  brown  acid  salt  will 
separate  on  cooling,  consisting  of  linae,  united  with  s^ 
bacic  acid.  This  salt  is  contaminated  with  an  admixt^w^ 
of  oil,  from  which  it  may  be  separated  by  a  degree  of 
heat  barely  sufficient  to  decompose  the  oil.  Re-dissolv# 
9Sid  cryst^ize  the  residue  ;  and,  when  again  dry,  distil  it 
with  l-3d  its  weight  of  sulphuric  acid,  diluted  with  waler« 
Its  purity  from  the  latter  acid  may  be  ascertained  by  il8 
s^rding,  with  a  solution  of  acetate  of  lead,  a  precipi- 
tate soluble  in  nitric  add. 

1.  The  sebacic  acid  is  liquid,  white,  and  has  a  pene* 
tniting  smelL     It  reddens  vegetable  colours. 

2.  By  distillauon  it  becomes  yellow,  gives  carbomc 
acid,  and  is  pardy  decomposed. 

.  3.  It  unites  with  alkalies  ;  and,  when  ming^  with  ni- 
tric acid,  dissolves  gold. 

^  Nitrate  and  acetate  of  lead  g^ve  a  precipitate,  so- 
luble in  acedc  acid.  It  decomposes  the  muriate  of  mec^ 
cury. 

VIL  The  prwno  add  is  formed,  chiefly  during  the  de« 
composition  of  animal  substances  in  high  temperaturefti 
Three  parts  of  bkx)d,  evaporated  to  dryness  in  an  iron 
dish,  are  to  be  mixed  with  one  part  of  subcarfaonate  of 
potflbh  (common  pearlash,)  and  calcined  in  a  crucible, 
which  should  be  only  be  2-3ds  filled  by  the  materials,  mui 
covered  with  a  lid.  The  calcinauon  must  be  continued^ 
with  a  moderate  heat,  aa  long  as  a  blue  filame  issues  front 
the  crucible ;  and  when  it  becomes  iaint,  and  likely  tm 
be  extinguished,  the  process  must  be  stopped.  Throw 
the  mass,  when  cold,  into  10  or  12  parts  of  water  ;  allow 
it  to  soak  a  few  hours ;  and  then  boil  them  together  in 
an  iron  ketde.  Fiker  the  liquor,  and  continue  pouring 
hot  water  on  the  mass,  as  long  as  it  acquires  any  taste.*— 
To  this  soluuon,  add  one,  composed  of  two  parts  of  alum 
and  one  of  sulphate  of  iron,  in  8  or  10  of  boiling  water ; 
and  continue  the  mixture  as  long  as  any  efiervescencc 
and  precipitatioB  ensues.  Wash  the  precipitate  sevend 
times  with  boiling  water.  It  wilt  have  a  green  colbur; 
but  on  the  addition  of  a  quantity  of  muriatic  acid,  equal 
to  twice  that  of  the  sulphate  of  iron  which  has  been 
used,  it  will  assume  a  beautiful  blue  colour.  Wash  it 
again  with  water,  and  dry  it  in  a  gende  heat     In  this 
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state  it  is  the  pigment  called  Prussian  blae,  wluch  con* 
sists  of  a  mixture  of  prussiate  of  iron,  with  alumine.— 
Its  properties  have  already  been  described.  (Chap.  xviiL' 
sect.  6.  W.) 

From  prussiate  of  iron,  the  prussic  acid  may  be  sepa- 
rated  by  the  following  process : 

Mix  two  ounces  ol  red  oxide  of  mercury',  prepared  hy 
nitric  acid,  with  four  ounces  of  finely-powdered  Prussian 
blue,  and  boil  the  mixture  with  tweli'e  ouni 
in  a  glass  vessel,  shaking  frtquendy.  Filter  the  solutil 
which  is  a  prussiate  of  mercury,  while  hot ;  and, 
cool,  add  to  ii,  in  a  bottle,  two  ounces  of  iron-lilings. 
six  or  seven  drachms  of  sulphuric  acid  ;  shake  these  to- 
gether, decant  the  clear  liquor  inio  a  retort,  and  distil  off 
one-fourth  of  the  liquor. 

The  distilled  liquor  is  the  prussic  acid,  which  has  a  pe- 
culiar smell,  a  sweet  taste,  and  does  not,  like  other  acids, 
redden  vegetable  blue  colours,  but  combines  with  alkalies 
and  earths. 

Prussic  acid  has  the  following  properties  : 

1.  It  has  a  sweetish  taste,  and  a  smell  resembling 
of  bitter  almonds. 

■  3.  It  does  not  redden  blue  vegetable  colours. 

■  S.  It  precipitates  sutphurets,  and  curdles  soap. 

4.  It  separates  alumine  from  nitric  acid.  Oxygenized' 
knuriatic  acid  entirely  decomposes  it. 

5.  It  does  not  appear  to  have  a  strong  affinity  for  alka- 
lies i  nor  does  it  take  them  from  carbonic  acid  ;  for  nd 
effervescence  arises  on  adding  it  to  a  solution  of  alkaline 
carbonates.  On  the  contrary,  its  combinations  with  alka- 
lies  and  earths  are  decomposed  by  exposure  to  carhonic 
acid,  even  when  highly  diluted,  as  in  atmospheric  air.  It 
readily  combines,  however,  with  pure  alkalies  ;  destroys 
their  alkaline  properties,  and  forms  crystallizable  salts. 

6.  It  does  not  precipitate  iron  blue,  but  green ;  and 
this  green  precipitate  is  soluble  in  acids.  The  rays  of 
light  render  the  green  precipitate  blue  ;  as  do  also  the 
addition  of  metdlic  iron,  or  sulphurous  acid. 

The  zoonic  acid  has  been  shewn  by  Thenard  to  be  mere- 
ly the  acetous,  holding  some  animal  matter  in  soIutioa|. 
and  the  formic  acid,  or  acid  of  ants,  has  been  proved  to  " 
a  compound  of  acetic  and  malic  acids. 
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PART  11.  , 


DIRECTIONS   70R  EXAMINING  MINERAL   WATERS, 
AND  MINERAL   BODIES  IN   GENERAL. 


CHAP.  I. 


ANALYSIS   OF  MINERAL   WATERS. 


The  complete  and  accurate  analysis  of  mineral  watcnrs, 
and  of  mineral  bodies  in  general,  is  one  of  the  most  diffi- 
cult subjects  of  chemical  manipulation,  and  requires  a' 
very  extensive  acquaintance  wiui  the  properties  and  ha- 
bitudes of  a  numerous  dass  of  substances.  Long  and' 
attentive  study  of  the  science  is  therefore  essential  to 
qualify  any  one  for  undertaking  exact  and  minute  d(*ter«' 
minations  of  die  proportion  of  die  component  parts  of 
bodies.    Such  minuteness,  however,  is  scarcely  ever  re-' 

Suired  in  die  experiments  diat  are  subservient  to  die  or- 
inary  purposes  of  life  ;  a  general  knowledge  of  the  com- 
position of  bodies  being  sufficient  to  assist  in  directing 
the  most  useful  applications  of  them.  I  shall  not  at- 
tempt, therefore,  to  lay  down  rules  for  accurate  analpis, 
but  shall  only  describe  such  e3q)eriments  as  are  suited  to 
afford  an  insight  into  the  kind,  but  not  to  decide  the  ex- 
act proportion  of  die  constituent  principles  of  natural 
waters,  and  of  mineral  substances  in  generaL 

Before  proceeding,  however,  to  the  analysis  of  a  water, 
it  is  proper  to  inquire  into  its  natural  history,  and  to  ex- 
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guniae  attentively  its  physical  characters.  The  nature  of 
the  strata,  in  the  neighbourhood  of  the  spring,  will  often 
fiiroish  useful  suggestions  respecting  the  contents  of  the 
water  ;  the  period  of  the  year  should  be  stated  at  which 
the  analysis  was  perfonned  ;  and  whether  alter  a  rainy  or 
di^  season,  'i'he  tempentuiv  of  the  water  must  be  care- 
fully (4)scrved,  as  it  i^ucs  froaa  the  spring;  and  die 
quantity  inquired  into,  which  it  yields  in  a  given  time. 
The  sensible  quBliiles  of  tuste,  emcll,  degree  of  transpa- 
rency. Sec.  are  also  be^t  ascertained  at  the  fountain-head. 
The  spcciftc  graviiv  of  the  water  may  be  found  by  weigh- 
ing a  bottle,  which  is  c&pablc  of  containing  a  known 
weight  of  distilled  water,  at  a  certain  temperature,  filled 
with  the  water,  under  examination,  at  the  same  temper- 
ature, it  is  proper,  also,  to  examine,  on  the  spot,  the 
channel  through  which  the  water  has  flowed; 
any  deposit  that  may  have  been  formed ;  and 
gate  its  nature. 

The  effects  of  heat  on  the  water  may  be  next  tried.—' 
Many  waters  lose  tlieir  transparency  when  their  temper- 
ature is  raised,  and  let  fall  a  considerable  deposit.  The 
quality  of  this  may,  in  soonc  degree,  be  conjectured  from 
its  appearance.  If  its  colour  be  broivnish -yellow,  it  ci 
sists,  cither  whollj'  or  chiefly,  of  oxide  of  iron  ;  if  whii 
or  nearly  white,  it  is  composed  principally  of  the 
carbonates.  A  mineral  water,  contauiing  iron,  de| 
that  mctul  also,  when  exposed  to  the  atmosphere  ;  and 
thin  pellicle  forms  on  its  surface,  ^whether  stagnant  in 
natural  reservoir,  or  collected  in  a  separate  vessel.  ~ 
this  exposure,  iron  may  be  sometimes  discovered  in  a 
ter,  though  not  easily  detected  at  first ;  because  it 
comes  further  oxydized,  and  more  ecnsible  to  the  action^' 
of  tests.  Sulphuretted  hydrogenous  waters  exhibit  a  se- 
diment, even  when  preserved  in  a  weU-closed  vial ;  the 
hydrogen  quitting  the  sulphur,  which  settles  in  the  form 
of  a  white  powder. 
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SECT.  I. 


Exmnunation  of  Mmatal  WMera  by  Re^gefHs* 

Water  is  never  presented  by  nature  in  a  state  <^  cooi^ 
plete  purity*  Even  when  collected  as  it  descends  in  the 
form  of  rain,  chemical  tests  detect  in  it  a  minute  propor* 
tion  <if  foreign  ingredients.  And  when  it  has  been  ab- 
sorbed by  the  earth,  has  traversed  its  different  strata,  and 
is  returned  to  us  by  springs,  it  is  found  to  have  acquired 
various  impregnations.  The  readiest  method  of  judging 
of  the  contents  of  natural  waters,  is  by  applying  what  are 
termed  tests,  or  re-agents ;  i»  e.  substances  which,  on  be- 
ing added  to  a  water,  exhibit,  by  the  phenomena  they 
produce,  the  nature  of  the  saline,  or  other  ingredients. — 
For  example,  if,  on  adding  infusion  of  litmus  to  any  wiK 
ter,  its  coLom*  is  changed  to  red,  we  infer,  that  the  water 
contains  an  uncombined  acid:  if  this  change  ensues, 
even  after  the  water  has  been  boikd,  we  judge  that  the 
acid  is  a  fiiied,  and  not  a  volatile  one  :  and  if,  on  adding 
the  muriated  barytes,  a  precipitate  falls  down,  we  safely 
conclude,  that  the  peculiar  acid,  present  in  the  water,  is, 
eidier  entirely  or  in  part,  the  sulphuric  acid.  I  shall  first 
enumerate  the  tests  generally  employed  in  examining  wa- 
ters, and  describe  their  application ;  and,  afterwards,  in- 
dicate l^  what  particular  tests  the  substances,  generally 
£Mind  in  waters,  may  be  detected. 

In  many  instances,  however,  a  mineral  water  may  con- 
tain a  saline,  or  odier  ingredient,  but  in  such  small  quan- 
tity as  to  escape  discovery  by  tests.  It  is  therefore  ad- 
visj^ile  to  apply  die  tests  of  fixed  substances  to  the  water, 
after  reducing  its  bulk  one-hal^  or  more,  by  evaporation, 
as  well  as  in  its  natural  state. 

The  use  of  tests,  or  re-agents,  has  been  employed  by 
Mr.  Kirwaii  to  ascertain,  by  a  careful  examination  of  the 
precipitate,  not  only  the  kind^  but  the  quantity^  of  the  in- 
gredients of  mineral  waters.  This  will  be  best  under- 
stood from  an  example.  It  is  to  established  fact,  that 
100  parts  of  crystallized  muriate  of  soda,  when  com- 
pletely decomposed  by  nitrate  of  silver,  yield,  as  nearly 
as  poBsiUe,  235  of  precipitate.    From  the  weight  of  the 
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n  a  given   ^H 


precipitate,  separated  by  nitrate   of  silver  from  a  given 
quantit\'  of  any  water,  it  ts  therefore  easy,  when  no  other 
muriatic  salt  is  presc;nt,  to  infer,  what  quantity  of  muriate 
of  soda  was  contained  in  the  water  ;  since  every  hundred 
grains  of  inurialed  silver  indicate,  pretty  accurately,  43^,  i 
of  crystallized  common  sail.     The  same  mode  of  estim^.jj 
tton  may  be  applied  in  various  other  instances ;  and  the  J 
rule  for  each  individual  case  is  given  by  Mr.  Kirwaii,  in;] 
part  ii.  chap.  2.  of  his  "  Essay  on  the  Analysis  of  Mine-L 
ral  Waters."     In  most  instances,  also,  it  will   be  found 
Slated  in  the  following  descripuon  of  the  use  of  the  various 
re-agenu. 


I.  Infusion  of  Litmus,  Syrup  of  Vhkts,  ^c. 


I 


The  infusion  of  litmus  is  prepared  by  steeping  this  sub- 
stance, first  bruised  in  a  mortar,  and  tied  up  in  a  thin  rag» 
in  distilled  water,  which  esiracts  its  blue  colour. 

If  the  colour  of  the  infusion  tends  too  much  to  purple, 
it  may  be  amended  by  a  drop  or  two  of  solution  ot  pure 
ammonia ;  but  of  this  no  more  must  be  added  than  is 
barely  sufBcient,  lest  the  delicacy  of  the  test  should  be 
impaired. 

The  syrup  of  violets  is  not  easily  obtained  pure.     The- 
genuine  syrup  may  be  distinguished  from  the  spurious  by* 
a  solution  of  corrosive  sublimate,  which  changes  the  f( 
mer  to  green,  while  it  reddens  the  latter.     When  il 
be  procured  genuine,  it  is  an  excellent  test  of  acids, 
may  be  employed  in  the  same  manner  as  the  infusion  of 
litmus. 

Paper  stained  with  the  juice  of  the  March  violet,  or 
with  that  of  the  scrapings  of  radishes,  answers  a  similar 
purpose.  In  staining  paper  for  the  purposes  of  a  test,  it 
must  be  used  unsized  ;  or,  if  sized,  it  must  previously  be 
well  washed  with  warm  water ;  because  the  alum,  which 
enters  into  the  composition  of  the  size,  will  otherwia^ 
change  the  vegcti^le  colriur  to  red.  »• 

In  the  Philosophical  Magazine,  vol.  1.  p.  180,  may  bft 
found  some  recipes  for  other  test  liquors,  invented  by  Mr. 
Watt. 

Infusion  of  litmus  is  a  test  of  most  uncombined  acids. 

1.   If  the   infusion  redden  the  utiboiled,  but  ni 
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•boiled  water,  under  examination ;  or  if  the  red  colour, 
occasioned  by  adding  the  infusion  to  a  recent  water,  re- 
turn to  blue,  on  boiling;  we  may  infer,  that  the  acid  is  a 
volatile  one,  and  most  probably  the  ca^rbonic  acid.  Sul- 
phuretted hydrogen  gas,  dissolved  in  water,  also  reddens 
litmus,,  but  not  after  boiling. 

2.  To  ascertain  whether  the  change  be  produced  by 
carbonic  acid  or  by  sulphuretted  hydrogen,  when  expe- 
riment shows  that  the  reddening  cause  is  volatile,  add  a 
little  lime-water,  or,  in  preference,  barytic  water.  This, 
if  carbonic  acid  be  present,  will  occasion  a  precipitate, 
which  will  dissolve,  widi  effervescence,  on  adding  a  litde 
muriatic  acid.  Sulphuretted  hydrogen  may  also  be  con- 
tained, sdong  with  carbonic  acid,  in  the  same  water; 
which  will  be  determined  by  the  tests  hereafter  to  be  de- 
scribed. 

3.  Paper  tinged  with  litmus  is  also  reddened  by  the 
presence  of  carbonic  acid,  but  regains  its  blue  colour  on 
drying.  The  mineral  and  fixed  acids  redden  it  perma- 
nendy.  That  these  acids,  however,  may  produce  their 
effect,  it  is  necessary  that  they  should  be  present  in  a 
sufficient  proportion.  (See  Kirwan  on  Mineral  Waters, 
p.  40.)  The  dark-blue  paper,  which  is  generally  wrapped 
round  loaves  of  refined  sugar,  is  not  discoloured  by  car- 
bonic acid  or  sulphuretted  hydrogen,  but  only  by  the 
stronger  acids. 

II.  Infusion  of  Litmm  reddened  by  Vinegar^ — Spirituous 
Tincture  of  Brazil-ivoodj — Tincture  of  Turmeric j  and 
Paper  stained  with  each  of  these  three  Substances  j — Syrup 
of  Violets. 

An  these  different  tests  have  one  and  the  same  ob- 
ject. 

1.  Infiisiw  of  litmus  reddened  by  vinegar,  or  litmus 
paper  reddened  by  vinegar,  has  its  blue  colour  restored 
by  pure  alkalies  and  pure  earths,  and  by  carbonated  alka- 
lies and  earths. 

2.  Turmeric  paper  and  tincture  are  changed  to  a  red- 
dish-brown by  alkalies,  whether  pure  or  carbonated,  and 
by  pure  earths,  but  not  by  carbonated  earths. 

3.  The  red  infusion  of  brazil-wood,  and  paper  stained 
with  it,  become  blue  by  alkalies  and  earths,  and  even  by 
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the  latter,  when  dissolved  by  an  excess  of  carbonic  acid. 
In  the  las  I- mentioned  case,  however,  the  change  will  eV- 
ther  cease  lo  appear,  or  will  be  much  less  rctnarkable, 
when  the  water  has  been  boiled. 

4*  Syrup  of  violets,  when  pure,  is,  by  the  same  causes, 
turned  green*  ;  as  is  also  paper  stained  with  the  juice  of 
the  violet,  or  with  the  scrapings  of  radishes. 


in.  Tincture  of  Calls.  wM 

Tincture  of  galls  is  the  test  generally  employed  for  di^ 
co\-ering  iron  ;  with  all  the  combinations  of  whith  it  pro- 
duces a  black  tinge,  aiore  or  Itss  intense  according  to  the 
quantity  of  iron.  The  iron,  however,  in  order  lo  be  de- 
tected by  this  test,  must  be  in  the  state  of  red  oxide,  or, 
if  oxydized  in  a  leas  degree,  its  effect  will  not  be  appa- 
rent, unless  alter  standing  some  timt  in  contact  with  tbe 
air.  By  applying  this  lest  before  and  alter  evaporatioii, 
or  boiling,  we  may  know  whiihcr  the  iron  be  held  in  scv 
lution  by  carbonic  acid,  or  by  a  fixed  acid,  For, 

1.  If  it  produce  its  effect  before  the  application  of  hca^ 
and  not  afterward,  carbonic  acid  is  the  solvent  J 

2.  If  after,  as  well  as  before,  a  mineral  acid  is  the  sot-J 
vent.  "  ^ 

3.  If,  by  the  boiling,  a  yellowish  powder  be  precipita- 
ted, and  yet  galls  continue  to  strike  the  water  black,  the 
iron,  as  often  happens,  is  dissolved  both  by  carbonic  acid 
and  by  a  fixed  acid.  A  neat  mode  of  ap[d)ing  the  g.iU- 
test  was  used  by  M.  Klaproth,  in  his  analysis  of  the 
Carlsbad  water  ;  a  slice  of  the  gall-nut  was  suspended  by 
a  silken  thread  in  a  large  bottle  of  the  recent  water,  and 
so  small  was  the  quantity  of  iron,  that  it  could  only  be 
discovered  in  water  fresh  from  the  spring,  bj'  a  slowly- 
formed  and  dark  cloud,  surrounding  the  re-agent.  (Kl^ 
proth,  vol.  i.  p.  279.) 

*  According  lo  Mr.  Accuin,  ijrnip  of  nolets,  which  hu  Inc  iD  colour 
by  keeping,  may  be  rcttored  by  agitaxioo,  during  a  lew  nuuulu,  id  cgatKt 
with  oiygcu  ga). 
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IV.  Sulphuric  Acid. 

1.  Sulphuric  acid  discovers,  by  a  slight  effervescence, 
the  presence  of  carbonic  acid,  whether  uncombined  or 
united  with  alkalies  or  earths. 

2.  If  lime  be  present,  whether  pure  or  uncombined, 
the  addidon  of  sulphuric  acid  occasions,  after  a  few  days, 
a  white  precipitate. 

3.  Barytes  is  precipitated  instandy,  in  the  form  of  a 
white  powder. 

4.  Nitric  and  muriauc  salts,  in  a  dry  state,  or  dissol- 
ved in  very  little  water,  on  adding  sulphuric  acid,  and 
applying  heat,  are  decomposed ;  and  if  a  stopper,  mois- 
tened with  solution  of  pure  anmionia,  be  held  over  the 
vessel,  white  clouds  will  appear.  For  distinguishing 
whether  nitric  or  muriatic  acid  be  the  cause  of  tlus  ap- 
pearance, rules  will  be  given  hereafter. 


V.  Nitric  and  Nitrous  Acids. 

These  acids,  if  they  occasion  effervescence,  give  the 
same  indications  as  the  sulphuric.  The  nitrous  acid  has 
been  recommended  as  a  test  distinguishing  between  he- 
patic waters  that  contain  hydro-sulphuret  of  potash,  and 
those  that  contain  only  sulphuretted  hydrogen  gas.  In 
the  former  case,  a  precipitate  ensues  on  adding  nitrous 
acid,  and  a  very  fetid  smell  arises ;  in  the  latter,  a  slight 
cloudiness  only  appears,  and  the  smell  of  the  water  be- 
comes less  disagreeable. 


VI.  Oxalic  Acid  and  Oxalates. 

This  acid  is  a  most  delicate  test  of  lime,  which  it  se- 
parates from  all  its  combinations. 

1.  If  a  water,  which  is  precipitated  by  oxalic  acid,  be- 
come milky  on  adding  a  watery  solution  of  carbonic  acid, 
or  by  blowing  air  through  it  from  the  lungs,  by  means 
of  a  quill  or  glass  tube,  we  may  infer,  that  pure  lime  (or 
barytes,  which  has  never  yet  been  found  pure  in  waters) 
n  present. 

Rr 
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2.  If  the  oiaEc  add  occ— ion  «  prccipitaat  t 
uan  after  boiOng,  die  Ihoe  b  di»otred  by  an  ncca*  <Kj 

ovbooic  acid : 

^  If  abcT  botliDg,  b}-  a  fixed  acid.     A  ( 
cxccu  of  any  of  the  mineral  adds,  KcMTcver,  prevetUB^ 
oxalic  acid  Irom  occasioning  a  prccipitale,  eren  ihoa^ 
lime  be  presotl ;  because  some  acids  decompose  the  ox- 
alic, and  oihcn,  dissolv-iag  the  oxobte  of  lime,  prfVent 
It  from  ^jpearing.     (V'id.    Kirwan  on  Waters,  page  8&) 

TiM  oxalate  of  ammonia,  or  of  potash,  (which  imjr 
cauty  be  formed  bv  saluratiog  their  respective  carboaatcs 
with  a  solution  of  oxalic  acid)  arc  not  liable  to  the  above 
objection,  and  are  prefcTabk,  as  re-agcnts,  to  die  uaco^ 
tnned  acid.  Yet  nvm  these  oxalates  fail  to  detect  lime 
when  supersaturated  with  muriatic  or  nitric  acids  ;  and» 
if  *iich  an  excess  be  present,  it  must  be  saturated,  1 
adding  the  test,  with  pore  ammonia.  A  ] 
will  (hen  be  produced. 

The  quantity  of  Utne,  contained  in  the  prech>itate,  ■ 
be  known,  by  first  calcining  it  with  access  of  sui 
converts  the  oxalate  into  a  carbonate  ;  and  by  expelling, 
from  this  last,  its  carbonic  acid,  by  calcination,  with  a 
strong  heat,  in  a  covered  crucible.  According  to  Dr. 
Marcet,  1 17  grains  of  sulphate  of  lime  give  100  of  oxalate 
of  lime,  dried  Ml  60°  Fahrenheit. 

The  fluate  of  ammnnin,  recommended  by  Schcele,  E 
find  to  be  a  most  delicate  test  of  lime.  It  may  be  pre- 
pared by  adding  carix>nate  of  ammonia  to  diluted  fluoric 
acid,  in  a  leaden  vessel,  obaen-ing  that  there  be  a  small 
excess  of  acid.  .^ 


VII.  Pure  Alkalies  and  carbonated  Alialies.  ^| 

1.  The  pure  fixed  alkalies  precipitate  all  eardis  and 
metals,  whether  dissolved  by  volatile  or  fixed  menstrua, 
but  only  in  certain  states  of  dilution;  for  example,  sul- 
phate of  alumine  may  be  present  in  water,  in  the  propor- 
tion of  4  grains  to  500,  without  being  discovered  by  pure 
fixed  alkalies.  As  the  alkalies  precipitate  so  many  sub- 
stances, it  is  evident  that  they  cannot  afford  any  very  pre- 
cise information,  when  employed  as  re-agents.  From  the 
colour  of  the  precipitate,  as  it  upproachts  to  a  pure  white, 
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or  recedes  froin  it,  m  experienced  eye  will  judge,  that  the 
precipitated  earth  cootains  less  or  more  of  metallic  ad- 
mixture ;  and  its  precise  composition  must  be  ascertained 
by  rules  wludi  will  presently  be  ^ven. 

2.  Pure  fiied  alkalies  also  decompose  all  salts  with 
basis  of  ammonia,  which  becomes  evident  by  its  smell, 
Aezccpt  the  salts  are  dissolved  in  much  water)  and  also  by 
tbe  imite  fbmes  it  e^bits  when  a  stopper,  moistened 
with  moriaidc  acid,  is  brought  near. 

S.  Caitenates  of  potash  and  of  soda  have  similar  ef- 
fects. 

4.  Pure  ammonia  precipitates  all  earthy  and  metallic 
salteu  Beside  this  properl^,  it  abo  imparts  a  deep  blue 
colour  to  any  liquia  that  contwis  copper  or  nickel  in  a 
state  of  solution. 

5.  Caffaonate  of  ammonia  has  the  same  properties,  ex- 
cept that  it  does  not  precipitate  magnesia  from  its  com- 
InnatioDs.  Hence,  to  ascertain  whether  this  earth  be 
pteaent  in  any  solution,  add  the  carbonate  of  ammonia 
tin  no  farther  precipitadon  ensue)^ ;  filter  the  liquot ;  raise 
it  neariy  to  212*  Fahrenheit ;  and  then  add  pure  ammonia. 
If  any  precipitation  now  occurs,  we  may  infer  the  pre- 
sence of  magnesia.  It  must  be  acknowledged,  that  zir- 
con, yttria,  and  glucine,  would  escape  discovery  by  this 
process ;  but  they  have  never  yet  been  found  in  mineral 
waters ;  and  their  presence  can  scarcely  be  expected. 


VIII.    Ume-Water. 

1.  Lime-water  is  applied  to  the  purposes  of  a  test, 
chieflv  for  detecting  caiix)nic  acid.  Let  any  liquor  sup- 
posed to  contain  this  acid  be  mixed  with  an  equal  bulk 
of  lime-water.  If  carbonic  acid  be  present,  either  free  or 
combined,  a  precipitate  will  immediately  appear,  which, 
on  adding  a  few  drops  of  muriatic  acid,  will  again  be  dis- 
solved with  efiervescence. 

2.  Lime-water  will  also  show  the  presence  of  corrosive 
suUimate  by  a  brick<lust-coloured  sediment.  If  arse- 
nous  acid  (common  arsenic)  be  contained  in  a  liquid, 
lime-water,  when  added,  will  occasion  a  precipitate,  con- 
sisting of  lime  and  arsenous  acid,  which  is  very  difficuidv 
soluble  in  water.    This  precipitate,  when  mixed  up  with 
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oil,  and  laid  on  hot  coals,  yields  tbe  wcll-known  garlic 
smeU  of  arsenic. 


IX.     Pure  Barytes,  and  its  Solutio 


J  Water. 


1.  A  solution  of  pure  barytes  is  even  more  effed 
than  lime-water  in  detecting  the  presence  of  carboi 
acid,  a.nd  is  much  more  portable  and  convenient  i  sini 
from  the  cr)'stals  of  this  earth,  the  barj'tic  solution  may 
at  any  time  be  immediately  prepared.  In  discovering 
carbonic  acid,  the  solution  of  barytes  is  used  similarly  lo 
lime-water,  and,  if  this  acid  be  present,  gives,  in  like 
manner,  a  precipitate  soluble  with  effervescence  in  dilute 
muriatic  acid. 

2.  The  bar)  tic  solution  is  also  a  most  sensible  test  of  suL- 
phuric  acid  and  its  combinations,  which  it  indicates  by 
precipitate  not  soluble  in  muriatic  acid. — Pore  strontitl,. 
has  similar  virtues  as  a  test.  The  quantity  of  the  precif 
pitated  substance,  indicated  hy  the  weight  of  the  preci< 
pitate,  will  be  stated  in  No.  XV. 


X.  Metals. 

1.  Of  the  metals,  silver  and  mercury  are  tests  of  die  M 
presence  of  hydro-sulphurets,  and  of  sulphuretted  hydro- 
gen gas.  If  a  httle  quicksilver  be  put  into  a  bottle  con- 
taining water  impregnated  with  either  of  these  substances, 
its  surface  soon  acquires  a  black  film,  and,  on  shaking  the 
bottle,  a  blackish  powder  separates  from  it.  Silver  is 
spcedilv  tarnished  by  the  same  cause.  J 

2.  The  metals  may  be  used  also  as  tests  of  each  other,  ■ 
on  the  principle  of  elective  aflinity.     Thus,  for  example,    ' 
a  polished  iron  plate,  immersed  in  a  solution  of  sulphate 
of  copper,  soon  acquires  a  coat  of  this  metal ;  and  thj: 
same  in  other  similar  examples. 


XI.  Sulfiliateof  Iron. 

This  is  the  only  one  of  the  sulphates,  except  t 
silver,  applicable  to  the  purposes  of  a  test.     When  i: 
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this  view,  it  is  generally  employed  for  ascertaining 
the  presence  of  oxygen  gas,  of  which  a  natural  water  may 
contain  a  small  quantity. 

A  water,  suspected  to  contaun  this  gas,  may  be  mixed 
with  a  little  recendy-dissolved  sulphate  of  iron^  and  kept 
corked  up,  in  a  vial  completely  filled  by  the  mixture.  If 
an  oxide  of  iron  be  precipitated  in  the~  course  of  a  few 
days,  ibe  water  may  be  interred  to  contain  oxygen  gas. 


XII.    Sulphate^  Nitrate^  and  Acetate  of  Silver. 

These  solutions  are  all,  in  some  measure,  applicable  to 
die  same  purpose. 

1.  They  are  peculiarly  adapted  to  the  discovery  of  mu- 
riatic acid  and  of  muriates.  For  the  silver,  quitting  its 
solvent,  combines  with  the  muriatic  acid,  and  forms  a 
flaky  precipitate,  which,  at  first,  is  white,  but,  on  ex-^ 
posure  to  the  sun's  light,  acquires  a  blueish,  and  finally  a 
black  coloiu*.  This  precipitate  Dr.  Black  states  to  con-^ 
tain,  in  1000  parts,  as  much  muriatic  acid  as  would  form 
A&5\  of  crystallized  muriate  of  soda,  which  estimate 
scarcely  differs  at  all  from  that  of  Klaproth.  The  same 
quanti^  of  muriate  of  silver  (1000  parts)  indicates,  ac- 
cording to  Kirwan,  454^  of  muriate  of  potash.  A  pre- 
dpitation,  however,  may  arise  from  other  causes,  which 
it  may  be  proper  to  state. 

2.  The  solutions  of  silver  in  acids  are  precipitated  by- 
carbonated  alkalies  and  earths.  The  agency  of  the  al- 
kalies and  earths  may  be  prevented,  by  previously  satu- 
rating them  with  a  few  drops  of  the  same  acid  in  which 
the  silver  is  dissolved. 

3.  The  nitrate  and  acetate  of  silver  are  decomposed  by 
the  sulphuric  and  sulphurous  acids ;  but  this  may  be  pre- 
vented by  adding,  previously,  a  few  drops  of  nitrate  or 
acetite  of  barytes,  and,  after  allowing  the  precipitate  to 
subside,  the  dear  liquor  may  be  decanted,  and  the  solu- 
tion of  silver  added.  Should  a  precipitation  now  take 
place,  the  presence  of  muriatic  acid,  or  some  one  of  its 
combinations,  may  be  suspected.  To  obviate  uncertainty, 
whether  a  precipitation  be  owing  to  sulphuric  or  muriatic 
acid,  a  solution  of  sulphate  of  silver  may  be  employed, 
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which,  when  no  uncombined  alkali  or  earth  is  present,  is 
afiected  only  by  the  latter  acid.  m 

4.  The  solutions  of  silver  are  also  precipitated  by  suU  ■■ 
phuretted  hydrogen,  and  by  hydros alphu rets  i  but  th^  ^| 
precipitate  is  then  reddish,  or  brown,  or  black  ;  or  it  may 

be,  at  first,  white,  and  afterwards  becomtf  speedily  brown 
or  black.  It  is  soluble,  in  great  part,  in  dilute  nitrous 
acid,  which  is  not  the  case  if  occasioned  by  muriatic  or 
sulphuric  acid. 

5.  The  solutions  of  silver  are  precipitated  by  extract 
matter ;  but,  in  (his  case,  also,  the  precipitate  has  a 
colour,  and  is  soluble  in  nitroua  acid. 


XIII.     Nitrate  and  Acetate  of  Lead. 

1 .  Acetate  of  lead,  the  most  eligible  of  these  two  U 
is  precipitated  by  sulphuric  and  muriatic  acida ;  but,  a 
of  both  these  wc  have  much  better  indicators,  I  do  c 
enlarge  on  its  application  to  this  purpose. 

2.  The  acetate  is  also  a  test  of  sulphuretted  hydrogen 
and  of  hydro-sulphurets  of  alkalies,  which  occasion  a  black 
precipitate  ;  and,  if  a  paper,  on  which  characters  are  traced 
with  a  solution  of  acetate  of  lead,  be  held  over  a  portioifes 
of  water  containing  sulphuretted  hydrogen  gas,  I 
soon  rendered  visible  ;  especially  when  the  water  it 
warmed. 

3.  The  acetate  of  lead  is  employed  in  the  discovery  0 
uncombincd  boracic  acid,  a  very  rare  ingredient  of  vn 
ters-  To  ascertain  whether  this  be  present,  some  cauti(^ 
are  necessary,  (a)  The  uncombined  alkalies  and  earif 
^if  any  be  suspected)  must  be  saturated  with  acetic  ( 
acetous  acid,  (b)  The  sulphates  must  he  decomposed  by 
acetate  or  nitrate  of  barytes,  and  the  muriates  by  acetate 
or  nitrate  of  silver.  The  filtered  liquor,  if  boracic  acid  be 
cont^ed  in  it,  will  continue  to  give  a  precipitate,  which 
is  soluble  in  nitric  acid  of  the  specific  g;ravity  of  1>3> 


XIV.  NilraUofMercury^preparedwUhandwithout  ffeS^ 


This  soludon,  differently  prepared,  is  somctimeft  ( 
ployed  as  a  test.     But,  since  other  tests  answer  the  s 
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piupposeil  mott  Actually,  it  is  unneces&ary  to  describe 
the  s4)plicat]on  of  mercurial  solutioivi*  For  thfs  san^  rea- 
son,  susOy  oxygenisLed  muriate  pf  mercury  is  of  little  use 
in  ^scoyering  the  ingredients  of  mineral  ¥rater8« 


XV.  MuricOty  Nitrate y  and  Acetate  of  Barytes, 

U  These  solutions  are  all  most  delicate  tests  of  8ul« 
phuric  acid  and  of  its  combinations,  with  which  they  give 
a  white  precipitate,  insoluble  in  dilute  muriatic  acid. 
They  are  deco^pos^d,  however,  by  carbonates  of  alkali ; 
but  die  precij^fate  occasioned  by  carbonates  is  soluble  in 
dilute  muriatic  or  nitpc  acid,  with  effervescence,  and 
may  even  be  prevented  by  adding,  previously,  a  few 
drops  of  the  same  acid  as  that  contained  in  the  barytic 
salt,  which  is  employed. 

One  hundred  grains  of  dry  sulphate  of  barytes  contain 
(according  to  Klaprodi,  voL  I.  p.  168.)  about  45 1  of  sul* 
phuric  acid  of  the  specific  gravity  1850 ;  according  to 
Clayfidd,  (NichobQivs  Journal,  4to.  iii.  38.)  33  of  acid, 
of  sp.gr.  2240 ;  accordinjg^  to  Thenard,  after  calcina6on^ 
about  25  ;  and,  accor^g  to  Mr.  Kirwan,  after  ignition, 
23.5  of  real  acid.  The  same  chemist  states,  that  170 
grains  of  ignited  sulfate  oi  barytes  denote  100  of  dried 
sidphate  of  soda;  while  136.36  of  the  same  substance  in- 
dicate 100  of  diy  sulphate  of  potash  ;  and  100  parts  re- 
sult from  the  precipitation  of  52.11  of  sulphate  of  mag- 
nesia. 

From  Klaproth's  experiments,  it  appears,  that  1000 
grains  of  8ul[^te  of  barytes  indicate  595  of  desiccated 
solphate  of  soda,  or  1416  of  the  crystallized  salt.  The 
same  chemist  has  shown,  that  100  grains  of  sulphate  of 
barytes  are  nroduced  by  the  precipitation  of  71  grains  of 
sulphate  of  ume. 

2.  Phosphoric  salts  occasion  a  precipitate  also,  which  is 
soluble  in  mAiriatic  acid  without  effervescence* 


XVI.  Prusaiates  of  Potash  and  of  Ume. 

Of  these  two,  the  prussiate  of  potash  is  the  most  eli- 
gible.  '  When  pure,  it  does  not  speedily  assume  a  blue 
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colour  on  the  addition  of  an  acid,  nor  docs  it  mm<4iatefy 
precipitate  muriatcd  barj'tes.  ' 

Pnisiiiati:  of  potaah  is  a  very  sensible  test  of  iron,  wiU 
the  solutions  of  which  in  acids  it  produces  a  Prussian  Hoi 
precipitate,  in  consequence  of  a  double  elective  alHni^. 
To  render  its  effeet  more  certain,  however,  it  may  be  pro- 
per to  add,  prcvioualy,  to  any  water  suspected  to 
iron,  a  little  muriatic  ucid,  with  a  view  to  the  saiui 
of  uncombined  alkalies  or  earths,  which,  if  present, 
vent  the  detection  of  very  minute  quantities  of  iron. 

1.  If  a  water,  after  boiling  and  filtration,  does  not 
ford  a  blue  precipitate,  on   the  additioD  of  prussiaie 
potash,  the  solvent  of  the  iron  may  be  inferred   to  be  a 
volatile  one,  and  probably  the  carbonic  acid. 

2.  Should  the  precipitation  ensue  in  the  boiled  water, 
the  soh.ent  is  a  fixed  acid,  the  nature  of  which  must  be 
ascertained  by  other  tests. 

In  using  the  Prussian  test  for  the  discovery  of  iron, 
considerable  caution  is  necessary,  in  order  to  attain  ac- 
curate results.  The  prussiate  should,  on  all  occasioiis, 
be  previously  crjstallized  ;  and  the  quantity  of  oxide  of 
iron,  essential  to  its  constitution,  or  at  least  an  invariable 
accompaniment,  should  be  previously  ascertained  in  ihj|.. 
followmg  manner.  Expose  a  known  weight  of  thecivi^l 
tallized  salt  to  a  low  red-heat  in  a  silver  crucible.  Attei'' 
fusing  and  boiling  up,  it  will  become  dr\-,  and  will  ftieil 
blacken.  Let  it  cool ;  wash  off  the  soluble  part ;  collect 
the  rest  on  a  filter;  dry  it,  and  again  calcine  it  with  a  little 
WHS..  Let  it  be  again  weighed,  and  the  result  will  shew 
the  proportion  of  oxide  of  iron  prpseni  in  the  salt  which 
lias  been  examined.  This  varies  from  23  to  30  and  up- 
wards per  cent.  When  the  test  is  employed  for  disco- 
vering iron,  let  a  known  weight  of  the  salt  be  dissolved 
in  a  given  quantity  of  water  ;  add  the  solution  gradually ; 
and  obsen-e  how  much  is  expended  in  effecting  the  preci- 
pitation. Before  collecting  the  precipitate,  wann  tiie  li- 
quid,  which  generally  throws  down  a  further  portion  of 
Prussian  blue.  Let  the  whole  be  washed  and  dried,  and 
then  calcined  with  wax.  From  the  weight  of  the  oude 
obtained,  deduct  that  quantity,  which,  by  the  former  ex- 
periment, is  known  to  be  present  iu  the  prussiate  that  has 
been  added;  and  the  remainder  will  deiiote  the  quantity 
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of  oxide  of  iron,  present  in  the  liquid  which  is  under  ex- 
amination. 

3.  Besides  iron,  the  prussiated  alkalies  also  precipi- 
tate muriate  of  alumine.  No  conclusion,  therefore,  can 
be  deduced,  respecting  the  non-existence  of  muriate  of 
alumine,  from  any  process,  in  which  the  prussic  test  has 
previously  been  used*  It  will,  therefore,  be  proper,  if  a 
salt  of  alumine  be  indicated  by  other  tests,  to  examine 
the  precipitate  effected  by  prussiate  of  potash.  This  may 
be  done  by  repeatedly  boiling  it  to  dryness  with  muriatic 
acid,  which  takes  up  the  alumine,  and  leaves  the  prussiate 
of  iron.  Prom  the  muriatic  solution,  the  alumine  maybe 
precipitated  by  a  solution  of  carbonate  of  potash. 

4.  According  to  Klaproth,  (11.  55.)  solutions  of  yttria, 
(which  earth,  however,  is  not  likely  to  be  present  m  any 
mineral  water)  afford  with  the  prussian  test,  a  white  pre- 
cipitate, passing  to  pearl-grey,  which  consists  of  prussiate 
of  yttria.  This  precipitate  disappears  on  adding  an  acid, 
and  hence  may  be  separated  from  prussiated  iron.  The 
same  accurate  chemist  states,  that  the  pru3sian  test  has 
no  action  on  salts  with  base  of  glucine  (ib.) ;  but  that  it 
precipitates  zircon  from  its  solutions.  (II.  214.) 

The  prussiated  alkalies  decompose,  also,  all  metallic 
solutions,  excepting  those  of  gold,  platina,  iridium,  rho- 
dium, osmium,  and  antimony. 


XVIL    Succinate  of  Soda  trnd  of  Ammonicu 

1.  The  succinate  of  soda  was  first  recommended  by 
Gehlen,  and  afterwards  employed  by  Klaproth  (Contn- 
butions,  IL  48.)  for  the  discovery  and  separation  of  iron. . 
The  salt  with  base  of  ammonia  has  also  been  used  for  a 
similar  purpose  by  Dr.  Marcet,  physician  to  Guy^s  Hos- 
pital, in  a  skilfid  analysis  of  the  Brighton  chalybeate, 
which  is  published  \si  the  new  edition  of  Dr.  Saunders^s 
Treatise  on  Mineral  Waters. 

The  succinic  test  b  prepared  by  saturating  carbonate 
of  soda  or  ammonia  with  this  acid,  already  described, 
Ch.  XIX.  Sect.  8.  In  applying  the  test,  it  is  necessary 
not  to  use  more  than  is  sufficient  for  the  purpose ;  be- 
cause an  excess  of  it  re-dissolves  the  precipitate.  The 
best  mode  of  proceeding,  is  to  heat  the  solution  contain- 
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lug  iron,  and  to  add  gradually  the  soluiion  nf  succinMe, 
until  it  ceases  to  produce  any  effect.  A  brownish  preci- 
pitate is  obtained,  consisting  of  succinate  of  iron.  This, 
when  calcined  with  a  little  wax,  in  a  low  red  heat,  giv<-s 
nn  oxide  of  iron,  containing  about  70  per  cent,  of  the 
metal.  From  Dr.  Marcet's  experiments,  it  appears,  that 
lOO  grains  of  iron,  dissolved  in  sulphuric  acid,  then  pl«> 
cipitated  by  the  succinate  test,  and  afterwards  bui  ~~" 
with  wax,  give  148  of  oxide  of  iron  ;  that  is,  100 
of  the  oxide  indicate  about  67|  of  metallic 

2.  The  succinates,  however,  it  is  staled  by  Dr.  Mi 
and  Mr.  Eteherg,  precipitate  alumine,  proviiltd  there  bi- 
no  considerable  excess  of  acid  in  the  aluminous  salt.  On 
magnesia  it  has  no  action,  and  hence  may  be  sutccssfull) 
employed  in  the  separation  of  these  two  earths.  If  100 
parts  of  octahedral  crystals  of  alum  be  entirely  decom- 
posed by  succinate  of  ammonia,  they  give  precisely  12 
parts  of  alumine  calcined  in  a  dull  red  heat.  The  succi- 
nate of  ammonia,  it  is  stated  by  Mr.  Ekcberg  {Journ,  dt.t 
Mines,  No.  TO.)  precipitates  glucine  ;  and  the  same  test, 
according  to  Klaproth,  (11.  214.)  tlirows  down  zircon  from 
its  solutions.  * 


en  pre- 
VlartJ^H 


XVIII.    PhMphate  of  Sod^i.  I 

An  easy  and  valuable  method  of  precipitating  magne- 
sia has  been  suggested  by  Dr.  WoUaston.  It  is  founded 
on  the  property  which  fully  neutralized  carbonate  of  am- 
monia possesses  ;  first  to  dissolve  the  carbonate  of  mag- 
nesia, formed  when  it  is  added  to  the  solution  of  n  mag- 
nesian  salt,  and  afterwards  to  yield  the  earth  to  phos- 
phoric acid,  with  which  and  ammonia  it  forms  a  triple 
salt.  For  this  purpose,  a  solution  of  carbonate  of  am- 
monia, prepared  with  a  portion  of  that  salt  wWrh  has 
been  exposed,  spread  on  a  paper,  for  a  few  hours  to  tbr 
air,  is  to  be  added  to  the  solution  of  the  magnesian  nalt 
sufficiently  concentrated  ;  or  to  a  water  suspected  to  con- 
lain  magnesia,  after  being  very  much  reduced  by  < 
ration.  No  precipitate  will  appear,  till  a  sulution'i 
phosphate  of  soda  is  addtd.  when  an  abundant  y 
fall  down.  Let  this  be  dried  in  a  temperaiore  i 
cccding  100"  Fahrenhi;iL     One  hundred  grains  of  it  « 
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iikticate  19  of  pure  magnesia,  or  about  64  of  muriate  of 
magnesia. 


XIX.  Muriate  of  Lime. 

Muriate  of  lime  is  prindpaily  of  use  in  discoveringthe 
presence  of  alkaline  carbonates,  which,  though  they  veiy 
rarely  occur,  have  sometimes  been  found  in  mineral  wa^ 
tcrs.  Carbonate  of  potash  exists  in  the  waters  of  Aix-la- 
Chapelle  ;  that  of  soda,  in  the  water  of  a  few  springs  and 
lakes ;  and  the  ammoniacal  carbonate  was  detected  by 
Mr.  Cavendish  in  the  waters  of  Rathbone-place.  Of  all 
the  three  carbonates,  muriate  of  lime  is  a  sufficient  indi- 
cator ;  for  those  salts  separate  from  it  a  carbonate  of  lime, 
soluble  with  effervescence  in  muriatic  acid* 

With  respect  to  the  discrimination  of  the  diiferent  aU 
kalies,  poti»h  may  be  detected  by  the  nitro-muriate  dL 
platina,  which  distincdy  and  immediately  precipitates 
that  alkali  and  its  compounds,  and  is  not  aflfected  by 
soda.  Carbonate  of  ammonia  may  be  discovered  by  its 
smell;  and  by  its  precipitadng  a  neutral  salt  of  alumine, 
while  it  has  no  action  apparendy  on  magnesian  salts. 

To  estimate  the  proportion  of  an  alkaline  carbonate 
present  in  any  water,  saturate  with  sulphuric  acid,  and 
note  the  weight  of  real  acid  which  b  required.  Now  100 
grains  of  real  sulphuric  acid  saturate  121.48  potash,  and 
78.32  soda. 


XX.  Solution  of  Soap  in  AkohoL 

This  solution  may  be  employed  to  ascertain  the  com* 
parative  hardness  of  waters.  With  distilled  water  it  may 
be  mixed,  without  any  change  ensuing  ;  but  if  added  to 
a  hard  water,  it  produces  a  milkiness,  more  considerable 
as  die  water  b  less  pure ;  and,  from  the  degree  of  this 
milkiness,  an  experienced  eye  will  derive  a  tolerable  indi- 
cadoQ  of  the  quidity  6t  the  water.  This  effect  is  owing 
to  the  alkali  quitting  the  oil,  whenever  there  is  present  in 
a  water  any,  substance,  for  which  the  alkali  has  a  stronger 
affinity  than  it  has  for  oiL  Thus  all  uncombined  acids, 
and  all  earthy  and  metallic  salts,  decompose  soap,  and 
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occasion  th»t  proper^   id  waters  which  is  termed  hard- 


XXI.  AkohoL 

Alcohol,  when  mixed  with  any  water,  in  tl 
of  about  an  equal  bulk,  precipitdtes   all  the  salta  i 
it  is  incapable    of  dissolving.     (See   Kirwan  od  Wat 
p,  263.) 


XXII.  Hydro-Sulphuret  of  Ammonia. 

This  and  other  sutphurcts,  as  well  as  water  satura 
with  sulphuretted  hydrogen,  may  be  employed  in  detect- 
ing lead  and  arsenic  ;  with  the  former  of  which  they  give 
a  black,  and  with  the  latter  a  yellowish,  precipitate.  As 
lead  and  arsenic,  however,  are  never  found  in  natural  wa- 
ters, I  shall  reserve,  for  another  occasion,  what  I  have  to 
say  of  the  application  of  these  testa. 


Shelving  the  Sitbstancts  that  may  be  expected  in  Minet 
Waters,  and  the  Merms  of  detecting  them. 

Acids,  in  general.    Infusion  of  litmus. — Syrup  of 
lets,  I. 

Acid,  boracic.     Acetate  of  lead,  XIII.  3, 
Aiid  carbonic.     Infusion   of   litmus,  I.  1.   2.— Lime- 
water,  Vlll.  I — Bamic  water,  IX.  1.  J 
Acid  muriatic.     Nitrate  and  acelite  of  silver,  XII.        M 
Acid,  nitric.     Sulphuric  acid,  IV.  4.                             ^ 
Acid,  phosfihoric.     Solutions  of  barytes,  XV".  2.  ' 
Acid,  gtilphuratin.     By   its    smell, — and  destroying  the 
colour  of  litmus,  and  of  infusion  of  red  roses:  by  the 
cessation  of  the  smell  a  few  hours  after  the  addition  vi 
the  black  oxide  of  manganese. 

Acid,  sulphuric.     Solution  of  pure  barjtes,  IX 
rytic  salts,  XV.     Acetiie  of  lead,  XII. 
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AlkalRn  m  general.    Vegetable  colours,  IL    Muriate 
of  lime,  XIX. 

Ammonia^  by  its  smell,  and  tests,  II. 

Barytesj  audits  compounds^  by  sulphuric  acid,  IV. 

Carbonatee  in  generoL    Effervesce  on  adding  acids. 

Earths  dissolved  by  carbonic  acid.     By  a  precipitation 
on  boiliDg ;— 4)y  pure  alkalies,  VII. 
:   Iron  diusatsed  by  carbonic  acid.  Tinctureof  galls.  III.  1. 
Pnnsiate  of  potash,  XVL  1.    Succinate  df  ammonia, 
XVII. 

Iron  iBssohed  by  suhhuric  add.    Same  tests.  III.  3. 
XVL  2.  XVII. 

Ume  m  a  pure  state*    Water  saturated  with  carbomc 
add.     Blowing  air  from  the  lungs.     Oxalic  acid,  VI. 

lime  dissoh^dby  carbonic  add,    Predjpitation  on  boil- 
ing.—Caustic  alkalies,  VII.    Oxalic  add,  VI. 

Idme  uRssohedby  su^kuric  add.  Oxalate  of  ammoma, 
VI.    Barytic  solutions,  IX.  and  XV. 

Magnesia  dissolved  by  carbonic  add.  Precipitation  on 
boiUng,-«-die  predfutate  sohiUe  in  dilute  sulphuric  acid. 

Mt^nesia  i&ssohed  by  other  adds.  Precipitated  by  pure 
ammonia,  not  by  the  carbonate,  VII.  5.  Phosphate  of 
soda,  XVII. 

Muriates  of  sdkaUes.    Solotions  of  silver,  XII. 

-— i— «— —  of  lime.  Solutions  of  silver,  XII.  Oxalic 
acid,  and  oxwte  <rf  ammonia,  VI. 

Sulphates  in  generoL  Barytic  solutions,  IX.  and  XV. — 
Acetite  of  lead,  XIL 

Su^hate  ofabmune.  Barytic  solutions,  IX.  and  XV. — 
A  precipitate  by  carbonate  of  ammonia  not  soluble  in 
acetous  acid,  but  soluble  in  pore  fixed  alkalies  by  boiling. 
Sttcdnates,  XVII.  S. 

Sulphate  of  Hme.  Barj^c  solutions,  IX.  and  XV. — 
Oxalic  add,  and  oxalates,  VL-— A  precipitate  by  alkalies 
not  soluble  in  dilute  sulphuric  add. 

Sulphsurets  of  alkalies.  Polished  metab,  X.  SmeB  on 
adding  sulphuric  or  muriatic  add.i— Nitrous  add,  V. 

SuMnanttted  hydrogen  gaa.  By  its  smelL  Infusion  <^Ilt- 
mus,  L    Pdiriied  nietab,  X.    Acetite  of  lead,  XIII.  9.^ 

*  Tbe  vapour  of  PUlgefyiaganiBid  or  wgetibk  matter  divdved  in 
water,  accoraing  to  Kkprach,  vol  L  p.  59O9  oftca  givet  a  deceptiTe  tndi- 
cadoD  of  fii^4Miivttcu  lijdrogco* 
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AitalifitU  of  Waters  by  Evafioratioii. 


A 


•  The  reader,  who  ma}'  wish  for  rules  for  die  comi 
and  accurate  analysis  of  mineral  waters,  will  find  in  al> 
most  evciy  elementary  work  a  chapter  allotted  to  thi» 
iiubjcct.  He  may  also  consult  Bergman's  Physical  Biul 
Chemical  Essays,  Vol.  I.  Essay  2,,  and  Kirwan's  Essay  oo 
the  Analyais  of  Mineral  Witters,  London,  1799.  As  this 
manual,  however,  may  sometimes  be  employed  as  a  tra- 
velling companion,  and  may  attend  the  chemiftt  where 
more  bulky  works  cannot  be  had,  it  may  be  proper  to 
state,  bricfiv,  the  mode  ot  analysing  waters,  by  the  more 
certain,  but  still  not  unobjectionable,  mode  of  evapor^ 
tion. 

Before  evaporation,  however,  the  gaseous  products  of 
the  water  must  be  collected,  which  may  be  done  by  filling 
with  it  a  Uirge  glass  bottle,  capable  of  holding  about  50  Ctl- 
bical  inches,  and  furnishetl  with  a  ground  stopper  and  bene 
mbe.  The  bottle  is  to  be  placed,  up  to  its  neck,  in  a  tin 
kettle  filled  with  brine,  which  must  be  kept  boiling  for  an 
hour  or  two,  renewing,  by  fresh  portions  of  hot  water,  what 
is  lost  by  evaporation.  The  disengaged  gas  is  conveyed, 
by  the  bent  tube,  into  a  graduated  jar,  filled  with,  and 
inverted  in,  mercury,  where  its  hulk  is  to  be  determined. 
On  the  fii-st  impression  of  the  heat,  however,  the  water 
will  be  expanded,  and  portions  will  continue  to  escape 
into  the  graduated  jur,  till  the  water  has  obtained  lU 
maximum  of  temperature.  This  must  be  suffered  to 
escHpe,  and  its  quantity  be  deducted  from  that  of  the  wa- 
ter submitted  to  experiment. 

In  determining,  with  precision,  the  quantity  of  gas,  it 
is  necessary  to  attend  to  the  state  of  the  barometer  and 
diermometer,  and  to  other  circumstances  already  enu- 
merated, page  57.  If  a  considerable  proportion-of  gas  be 
contained  in  a  mineral  water,  the  most  commodious  method 
of  receiving  it  is  into  a  small  gazometer. 

The  gases,  most  commonly  found  in  mineral  waters,  are 
carbiHicacidi  m!phuf^lcd  hydrogen  t  azotic  gat ;  exygCH. 
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gOM  :  aiidy  in  the  neighbouriiood  of  volcanoes' only  sulphu^ 
rouB  add  gas* 

To  determine  the  propordon  of  the  gases,  constituting 
any  mixture  obtained  from  a  mineral  water  in  the  fore* 
going  manner,  the  following  experiments  may  be  made. 
If  the  use  of  re-agents  has  not  detected  the  presence  of 
sulphuretted  hydrogen,  and  there  is  reason  to  believe, 
fnm,  die  same  evidence,  that  carbonic  acid  forms  a  part 
of  the  mixture,  let  a  graduated  tube  be  nearly  filled  widi 
it  over  quicksilver.  Pass  up  a  small  portion  of  solu- 
tion of  potash,  and  agitate  this  in  contact  with  the  gas* 
The  amount  of  the  diminution  will  show  how  much  car- 
bonic acid  has  been  absorbed ;  and,  if  the  quantity  sub* 
mitted  to  experiment,  was  an  aliquot  part  of  the  whole 
gas  obtuned,  it  is  easy  to  infer  the  total  quantity  present 
in  the  water.  The  unabsorbable  residuum  consists,  most 
probably,  of  oxygen  and  azotic  gases  ;  and  the  proportioii 
of  these  two  is  best  learned  by  the  use  of  Dr  Hope^s  eu- 
diometer, (see  page  6B«) 

If  sulphuretted  hydrogen  be  present,  along  with  carbo- 
nic acid,  the  separauon  dF  these  two  is  a  problem  of  some 
difficulty.  Mr  Kirwan  recommends  diat  a  graduated 
glass-vessel,  completely  filled  with  the  mixture,  be  remo 
ved  into  a  vessel  containing  nitrous .  acid.  This  instandy 
condenses  the  sulphuretted  hydrogoi,  but  not  the  carbo- 
nic acid  gas.  I  apprehend,  however,  that  a  more  eligible 
mode  will  be  found  to  be,  the  oondensadon  of  the  sulphu- 
retted hydrogen  by  oxy-muriatic  add  gas,  (obtmned  nrom 
muriatic  acid  and  hyper-oxymuriate  of  potash ;  )  adding 
the  latter  gas  very  cautiously,  as  long-  as  it  produces  any 
condensadon.  Or,  perhaps,  a  better  plan  of  efiecting  the 
separation,  (whidi,  however,  I  have  not  at  present  an  op- 
portunity of  trying)  will  be  the  following :  Half-fill  a  gra- 
duated vial  with  the  mixed  carbonic  acid  and  sulphuretted 
hydrogen  gases,  and  expel  the  rest  of  the  water  by  oxy- 
muriadc  acid  gas.  Let  the  mouth  of  the  botde  be  then 
dosed  with  a  well  ground  stopper,  and  let  the  mixture  be 
kept  twisnty-fbur  hours.  Then  withdraw  the  stopper  un- 
der water,  a  quantity  of  which  fluid  will  immediately  rush 
in.  Allow  uie  botde  to  stand  half-an-hour  without  agi- 
tation. The  redundant  oxymuriatic  acid  gas  will  thus  be 
absorbed ;  and  very  little  of  the  carbonic  add  will  disap- 
pear.     Supposing  that,  to  10  cubic  inches  of  the  mixed 
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gases,  10  iDches  of  oxymiuiatlc  gaa  have  been  added,  and 
that,  after  absorption  by  standing  over  water,  5  ioches  re- 
main :  Thu  result  of  this  exptriment  shews,  that  the  mix- 
ture consisted  of  equal  parts  of  sulphuretted  hydrogen  and 
carbonic  acid  gases. 

Whenever  this  complicated  admixture  of  gases  occurs, 
as  in  the  case  of  the  Harrowgaie-water,  it  is  advisable  to 
operate  separately  on  two  portions  of  gas,  with  the  view 
to  determine,  by  the  one,  the  quantity  of  carbonic  acid 
and  sulphuretted  hydrogen  ;  and  that  of  azote  and  oxy- 
gen by  the  other.  In  the  latter  instance,  remove  bom 
the  i^sorbable  gases  by  caustic  potash ;  and  examine  the 
remainder  in  the  manner  already  directed. 

Azotic  gas  someumes  occurs  in  mineral  waters,  almost 
in  an  unmixed  state.  When  this  happens,  the  gas  will 
be  known  by  the  characters  already  described  as  belong- 
ing to  it,  page  64.  Sulphurous  acid  gas  may  be  detected 
by  its  peculiar  smell  of  burning  brimstone,  and  by  its 
discharging  the  colour  of  an  infusion  of  roses,  which  has 
betn  reddened  by  the  smallest  quantity  of  any  mineral 
acid  adequate  to  the  effect. 

The  vessels  employed  for  evaporation,  should  be  of 
such  materials  as  are  not  likely  to  be  acted  on  by  the 
contents  of  die  water.  I  prefer  diosc  of  unglazed  l^coft 
ware,  made  by  Messrs.  Wedgwoods  ;  but,  as  their  surlace 
is  not  perfccdy  smooth,  and  the  dry  mass  may  adhere  so 
strongly  as  not  to  be  easily  scraped  o(F,  the  water,  when 
reduced  to  about  one-tenth  or  less,  may  be  transferred, 
with  any  deposit  that  may  have  taken  place,  into  a  small- 
er vessel  of  glass.  Here  let  it  be  evaporated  to  dtj^ 
ness.  •> 

(a)  The  dry  mass,  when  collected  and  accuratdy  weigh* 
ed,  is  to  be  put  into  a  bottle,  and  alcohol  poured  on  it,  to 
the  depth  of  an  inch.  After  having  stood  a  few  hours, 
and  been  occasionally  shaken,  pour  the  whole  on  a  filter, 
wash  it  with  a  little  more  alcohol,  and  dry  and  weigh  the 
remainder. 

(b^  To  the  undissolved  residue,  add  eight  times  its 
weight  of  cold  distilled  water;  shake  the  mixture  frc- 
quendy  ;  and,  after  some  time,  filler ;  ascertaining  Uie 
loss  of  weight. 

(c)  Boil  the   resirluum,  for  a   quarter  of  an  hour,   h) 
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somewbiU  more  than  500  times  its  weight  of  water,  and 
afterwards  filter. 

(df)  The  residue,  which  must  be  dried  and  weighed,  is 
no  longer  soluble  in  water  or  alcohol.  If  it  has  a  brovm 
colour,  denoting  the  presence  of  iron,  let  it  be  moistened 
with  water,  and  exposed  to  the  sun^s  rays  for  some 
weeks* 

L  The  solution  in  alcohol  (a)  may  contain  one  or  all  of 
the  following  salts :  Muriates  of  lime,  magnesia,  or  ba- 
rytes,  or  nitrates  of  the  same  earths.  Sometimes,  also, 
^he  alcohol  may  take  up  a  sulphate  of  iron,  in  which  the 
metal  is  highly  oxydized,  as  will  appear  from  its  reddbtv- 
brown  colour. 

1.  In  order  to  discover  .the  quality  and  quandty  of  the 
ingredients,  evaporate  to  dryness;  weigh  the  residuum; 
add  above  half  its  weight  of  strong  sulphuric  acid;  and 
apply  a  moderate  heat.  The  muriauc  or  nitric  acid  will 
be  expelled,  and  will  be  known  by  the  colour  of  their 
fumes ;  the  former  being  white,  and  the  latter  orange-a>> 
loured. 

2.  To  ascertain  whether  lime  or  magnesia  be  the  basis 
of  the  salts,  let  the  heat  be  continued  till  no  more  fumes 
9rise,  and  let  it  then  be  raised,  to  expel  the  excess  of  sul- 
phuric acid.  To  the  dry  mass,  add  twice  its  weight  of 
distilled  water.  This  will  take  up  the  sulphate  of  magne- 
sia, and  leave  the  sulphate  of  lime.  The  two  sulphates 
may  be  separately  decomposed,  by  boiling  with  tluree  or 
Sour  times  their  weight  of  carbonate  of  potash.  The  car- 
bonates of  lime  and  magnesia,  thus  obtained,  may  be 
separately  dissolved  in  muriatic  acid,  and  evaporated. 
The  weight  of  the  dry  salts  will  inform  us  how  much  d 
each  the  alcohol  had  taken  up.  Lime  and  magnesia  may 
also  be  separated  by  the  use  of  the  phosphate  of  soda, 
applied  in  the  manner  already  described  in  the  preceding 
Section. 

The  presence  of  bar}'tes,  which  is  very  rarely  to  be  ex- 
pected, may  be  known  by  a  precipitation  ensuing  on  add- 
ing sulphuric  acid  to  a  portion  of  the  alcoholic  solution, 
which  has  been  diluted  with  50  or  60  times  its  bulk  of 
pure  water. 

II.  The  watery  solution  (^)  may  contain  a  variety  of 
salts,  die  accucate  separation  of  which  from  each  other  is 
a  problem  of  considerable  difiicult\'. 

Tt 
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1.  The  analysia  of  this  solution  may  be  attempted  1^ 
crj-stallization.  For  this  purpose,  let  one  half  be  evapo- 
rated by  a  very  gentle  heat,  not  exceeding  80"  or  yo*. 
Should  any  crystals  appear  on  the  surface  of  the  solutioo, 
while  hot,  in  the  form  of  a  pellicle,  let  them  lie  separaird 
and  dried  on  bibulous  paper.  These  are  muriate  of  soda 
or  common  salt.  The  remaining  solution,  on  cooling  ve- 
ry gradually,  will,  perhaps,  afford  crystals  distinguishable 
Ijy  their  form  and  other  qualities.  When  various  salts, 
however,  are  contained  in  the  same  solution,  it  is  ex- 
tremely difficult  to  obtain  them  sufficiently  distinct  to 
ascertain  their  kind. 

3.  The  nature  of  the  saline  contents  must,  therefore,  be 
examined  by  tests,  or  re-agents. 

I'he  presence  of  an  uncorevbined  alkali  will  be  discover- 
ed by  the  stained  papers  (p.  311.),  and  of  acids  by  the 
tests  (p.  309,).  The  vegetable  alkali,  or  potash,  may  be 
distinguished  from  the  mineral,  or  soda,  by  saturatinn 
with  sulphuric  acid,  and  evaporation  to  dryness  ;  the  sul- 
phate of  soda  being  much  more  soluble  than  that  of  pot- 
ash ;  or,  by  super-saturation,  with  the  tartarous acid,  which 
gives  a  soluble  salt  with  soda,  but  not  with  potash.  Mu- 
riate of  platina,  also,  is  an  excellent  test  of  potash  and  its 
combinations  ;  for,  with  the  smallest  portion  of  this  alk^ 
li,  or  any  of  its  salts,  it  forms  a  distinct  and  immediate 
precipitate  ;  while  it  is  not  at  all  affecied  by  the  minenl 
alkali  or  its  compounds. 

If  neutral  satis  be  present  in  the  solution,  we  have  Hf 
ascertain  both  the  nature  of  the  acid  and  of  the  basis^ 
This  may  be  done  by  attention  to  the  rules  already  ^veni 
fnr  the  application  of  tests,  which  it  is  unnecessary  to  re- 
jicat  in  this  place. 

III.  The  solution  by  boiling  water  contains  scarcely 
any  thing  besides  sulphate  of  lime. 

IV.  The  residuum  (d)  is  to  be  digested  in  distilled  vi- 
negar, which  takes  up  magnesia  and  lime,  but  leaves,  un- 
dissolved, aluminc  and  highly  ox\'dized  iroD.  Evapo- 
rate the  solution  to  dryness.  If  it  contain  acetate  of  lime 
only,  a  substance  will  be  obtained  which  does  not  attract 
moisture  from  the  air ;  if  magnesia  be  present,  the 
will  deliquiate.  To  separate  the  lime  from  the  magn< 
proceed  as  in  I. 
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The  residue,  lasoluUe  in  acetous  add,  may  conudn 
alumine,  iron,  and  silez.  The  two  fine  may  be  dUsolved 
by  muriatic  acid,  from  which  the  iron  may  be  precipitated 
first  by  pruseiate  of  potash,  and  the  alumine  afterward  by 
afixedalkaiL 


CHAP.  II. 


BXAMIMATION  OF   MINERALS. 


SECT.  I. 


General  Direeiiom. 


The  chemical  analysis  oS  minerals  is  attended  even 
tridi  greater  diflScukies  than  that  of  natural  waters.  It 
would,  therefore,  be  a  vain  attempt  to  comprehend,  ma 
concise  manual,  rules  sufficiently  minute  for  the  accurate 
separation  of  dieir  component  principles.  On  the  pre- 
sent occasion,  I  mean  otnly  to  ofier  a  few  general  direc- 
tions fisr  attaining  such  a  knowledge  of  the  composition 
of  mineral  bodies,  as  may  enable  the  chemical  student  to 
refin*  them  to  their  proper  place  in  a  mineral  arrange- 
ment, and  to  judge  whether  or  not  they  may  admit  of 
appUcadon  to  die  uses  of  common  life.  Those  who  are 
soHcitoiu  to  beoome  adepts  in  the  art  of  mineral  analy- 
sis, may  read  attentively  the  numerous  papers  of  Vauque- 
lin,  Hatchett,  and  other  skilftd  analysts,  dispersed  through 
various  chemical  collections  ;  and  also  an  acfanirable  work 
of  M.  Klaprodi,  lately  translated  into  English,  entided. 


"  Analytical  Essays  towards  improving  the  chemical 
knowledge  of  Minerals,"  2  vols.  8vo,  publishcd'by  CadiA 
andDavies,  1801.  u.i 

The  great  variety  of  mineral  bodies,  which  nature  pTSi" 
aenis  in  the  composition  of  ihJB  globe,  have  been  classed 
by  late  writtra  under  a  few  general  divisions.  They  may 
Ik  arranged  under  t'uur  heads.  1st,  Earths  ;  Sd,  SALTflj 
3U,  Inflammable  FosbiLSi  and,  4th,  Metals,  aad 
their  Oris. 

I.  Earths  — The  formation  of  such  a  dcfitiition  of 
earths  as  would  apply  exactly  to  the  bodies  defined,  and 
to  no  others,  is  attended  with  considerable  difficulty,  and 
indeed  has  never  yet  been  effected.  It  would  lead  me  in- 
to too  long  a  discussion,  to  comment,  in  this  place,  on  die 
definitions  that  have  been  generally  offered,  and  to  suite 
the  grounds  of  objertion  to  each  of  them.  Sensible, 
therefore,  that  I  am  unable  to  present  an  unexception- 
iible  character  of  earthy  bodies,  1  shall  select  such  a  one 
iis  may  be  sufficient  for  the  less  accurate  purpose  oi  gene- 
ral distinction. 

"  The  term  earth,"  says  Mr.  Kirwan,  "  denotes  a  taste- 
kss,  inodorous,  dr\-,  brittle,  uninflammable  substance, 
whose  specific  gravity  does  not  exceed  4,9  (/.  f.  which* 
is  never  five  limes  heavier  than  water),  and  which  gives 
no  tinge  to  borax  in  fusion."  Afttr  stating  some  excep- 
tions to  this  definition,  afforded  by  the  strong  taste  of 
ccnain  earths,  and  the  solubility  of  others,  he  adds, 
«  Since,  however,  a  line  must  be  drawn  between  salts 
and  earths,  I  think  it  should  bfgin  where  solution  is 
scarcely  perceptible ;  salts  terminaiing,  snd  enrihs,  in 
stiictncss,  commencing,  whtjre  die  weight  of  the  water, 
requisite  for  the  solution,  exceeds  that  of  the  solvent 
1000  times.  But,  not  to  depart  too  widely  from  the  com- 
monly received  import  of  words  that  are  in  constant  use, 
substances,  that  require  lOfJ  times  ilieir  weight  of  water 
to  dissolve  ihcm,  and  have  the  other  sensible  properties  " 
enrths,  may  be  so  styled  in  a  luot>e  and  popular  sense.*' 

The  simple,  or  primitive  earths,  are  those  which 
not  be  resolved  into  more  remote  principles.  Such 
lime,  argill,  magnesia,  ixc. 

The  compound  earths  are  composed  of  two  or 
rimiDve  earths,  united  chemically  together. 
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the  uiitcm  of  aa  earth  with  an  acid  constitutes  what  is 
vulgarity  called  an  earth ;  as  in  the  examples  of  ^u^>haltt 
of  lime,  fluate  of  lime,  &c« 

11/  Salts. — ^Under  this  head  Mr.  Kirwan  arranges  *^all 
those  substances  that  require  less  than  100  times  their 
weight  of  water  to  dissolve  them.'^  This  descripdom, 
though  by  no  means  so  amply  characteristic  of  the  class 
of  sdlB  as  to  serve  for  an  exact  definiuon,  is  sufficient  for 
our  present  purpose. 

IIL  ^^  By  Inflammable  Fossils,**  the  same  author 
observes,  are  to  be  understood  all  those  of  mineral  ori- 
gin, whose  principal  character  is  inflammabiUty  ;  a  crite- 
rion  which  excludes  die  diamond  and  metallic  substances 
though  also  suscepubie  of  combusuon. 

IV.  Metallic  Substances  are  so  well  characterized 
by  external  properties,  as  not  to  require  any  definition.— i- 
^'  Those  on  wfaoch  nature  has  bestowed  their  proper  me^ 
tallic  appearance,  or  which  are  alloyed  only  with  other 
metab  or  semi-metals,  are  called  natirfc  metals.  J^ 
those  diat  are  distinguished,  as  they  commonly  are  in 
mines,  by  combination  with  some  other  unmetallic  sui^ 
stances,  are  said  to  be  mineralized.  The  substance  that 
sets  them  in  that  state  is  called  a  mineralizer,  and  the 
compound  of  bodi,  an  ore."  Thus,  in  the  most  common 
ore  of  copper,  this  metal  is  found  oxydized,  and  the  oxi- 
ide  comUned  with  sulphur.  The  copper  may  be  said  to 
be  mineralized  by  oxygen  and  sulphur,  and  the  compound 
of  the  three  bodies  is  called  an  ore  of  copper. 


SECT.  II. 

Method  of  examining  a  Mnerelj  the  Composition  of  which 

is  uninown. 

A  mineral  substance,  presented  to  our  examinauon 
without  any  [nevious  knowledge  of  its  composition, 
should  first  be  referred  to  one  of  the  above  four  classeR, 
in  order  that  we  mi^  attain  a  general  knowledge  (tf  its 
nature,  before  proceeding  to  analyze  it  nunutely. 

L  To  ascertun  whether  the  unknown  mineral  contain 
matter,  let  100  gndns^  or  any  odkr  determinate 
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quantity,  in  the  state  of  fine  powder,  be  put  into  a  botile, 
and  shaken  up  repeatedly  with  30  times  its  wei^  of 
water,  of  the  temperature  of  120°  or  130*.  After  baviDg 
stood  an  hour  or  two,  poor  the  coutcnts  of  the  botde  on 
a  filtering  paper,  previously  weighed  and  placed  on  a  fun- 
nel. When  the  water  has  drained  off,  dry  the  powder 
on  a  filtering  paper,  in  a  heat  of  about  212"  ;  and,  when 
dry,  let  the  whole  be  accurately  weighed.  If  the  wei^t 
be  considerably  less  than  the  joint  weight  of  the  powder 
before  digestion  and  the  filtering  paper,  we  may  infer 
that  some  salt  has  been  dissolved,  and  the  decrease  ol 
weight  will  indicate  its  quantity. 

In  certain  cases  it  may  be  advisable  t 
portions  of  boiling  water,  when  the  salt  suspected 
present  is  difficult  of  solution. 

Should  the  mineral  under  examination  be  proved,  by 
the  foregoing  experiment,  to  contain  much  saline  matter, 
the  kind  and  proportion  must  next  be  determined,  by 
rule^  which  will  hereafter  be  laid  down. 

II.  The  second  class,  viz.  earthy  bodies,  are  distin- 
guished by  their  insolubilitj-  in  water,  by  their  freedom 
from  taste,  by  their  uninllammabilit}-,  and  by  their  spe- 
cific gravity  never  reaching  5.  If,  therefore,  a  mineral 
be  insoluble  in  water,  when  tried  in  the  foregoing  man- 
ner ;  if  it  be  not  consumed,  either  wholly  or  in  con»dcT- 
ablc  part,  by  keeping  it,  for  some  time,  on  a  red-hot  iron ; 
we  may  conclude,  that  it  is  neither  a  salt  nor  an  inflank 
mable  body. 

III.  The  only  remaining  class  with  which  it  can  be 
confounded  are  ores  of  metals,  from  many  of  which  it 
may  be  distinguished  merely  by  poising  it  in  the  hand, 
the  ores  of  metals  being  always  heavier  tlian  earths ;  or, 
if  a  doubt  should  still  remain,  it  may  be  weighed  hydro- 
statically.  The  mode  of  doing  [his  ii  may  be  proper  to 
describe  ;  but  the  principle  on  which  the  practice  is 
founded,  cannot,  with  propriety,  be  explained  here.  Let 
the  mineral  be  suspended  by  a  piece  of  fine  hair,  silk,  or 
thread,  from  the  scale  of  a  balance,  and  weighed  in  the 
air.  Suppose  It  to  weigh  250  grains.  Let  it  next  (still 
suspended  to  the  balance)  be  immersed  in  a  glass  of  dis- 
tilled water,  of  the  temperature  of  60'.  The  scale  con- 
taining the  weight  will  now  preponderate.  Add,  there- 
fore, to  the  scale  fiom  which  the  mineral  hangs,  as  mMn' 
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gram  weights  as  are  Beces^ry  to  restore  the  equilibriunu 
Suppose  that  50  grains  are  necessar}',  then  the  q>ecifi€ 

rity  nay  be  learned  by  dividing  die  weight  in  air  by 
weight  lost  in  water.  Thus,  in  the  foregoing  case, 
350  4-  509B5  •  or,  a  substance  which  should  lose  weight 
in  water,  according  to  the  above  proportion,  would  be 
five  times  heavier  than  water.  It  must,  therefore,  con* 
tsun  some  metal,  though  probably  in  no  great  quantity. 
-—Any  mineral,  which,  when  weighed  in  the  above  man- 
ner, proves  to  be  5,  6,  7,  or  more,  times  heavier  than  wa- 
ter, may,  therefore,  be  inferred  to  contain  a  metal,  and 
may  be  referred  to  the  class  of  ores. 

IV.  Inflammable  substances  are  disUnguished  by  their 
burning  away,  either  endrely  or  in  considerable  part,  on 
a  red-hot  iron;  and  by  their  detonating,  when  mixed 
with  powdered  nitre,  and  thrown  into  a  red-hot^aruciUe. 
Certain  ores  of  metals,  however,  which  contun  a  consi* 
derabk  proportion  of  inflammable  matter,  answer  to  this 
test,  but  may  be  distinguished  from  purely  inflammable 
substances  by  Aeir  greater  specific  gravity. 

I  shall  now  proceed  to  o£ter  a  few  general  rules  for  the 
more  accurate  examination  of  substances  of  each  of  the 
above  classes ;  without,  however,  pretending  to  compre- 
hend, in  this  manual,  a  code  of  direcUons,  sufficiently 
imnute  to  enable  any  one  to  perform  a  complete  analy- 
sis. 


SECT.  III. 


Examination  of  Salts, 


1.  A  adution  of  saline  matter,  obtained  in  the  fiorego- 
ing  manner  (see  page  S34w),  may  be  slowly  evaporated, 
and  left  to  cod  gradually.  When  cold,  crystals  will 
prohMj  appear,  mbkh  a  chemist,  acquainted  with  the 
form  of  salts,  will  easily  recognize.  But,  as  several  dif- 
ferent salts  may  be  present  in  the  same  solution,  and 
may  no(  crystallize  m  a  sufficiently  distinct  shape,  it 
may  be  necessary  to  have  recourse  to  the  evidence  of 
teats. 


LV51S    or    MIKERALS. 


S.  Let  the  salt,  in  the  Ar&t  place,  be  reicrred  to  one  ot~ 
the  following  orders : 

(a)  Acids,  or  suits  with  excess  of  acid.  These  are  kiunn^l 
by  their  effect  on  blue  vegetable  colours.     The  purucul 
species  of  acul  may  be  discovered  bv  the  tests  deacribf 
page  334. 

(A)  Aiialin.  These  are  characterized  by  their  efSi 
on  vegel^e  colours,  and  by  the  other  properties  cnui 
rated,  page  86. 

(c)  Sails  tuilh  metallic  Imses.  These  afford  a  very  « 
pious  precipitate  when  mixed  with  a  solution  of  prussig 
of  potash.  To  ascertain  the  species  of  metal,  precipil^ 
tile  whole  by  prussiate  of  potash,  calcine  the  pi'eci[uti| 
and  proceed  according  to  the  rules  which  will  hercaftert 
given  for  separatiDg  metals  from  eacJi  other. 

{d)  Salts  with  eiirthy  6(isei.  If  a  solution  of  salt,  in 
which  prussiate  of  potash  occasions  no  precipitation,  af- 
ford a  precipitate,  on  adding  pure  or  carbonated  potash, 
we  may  infer,  that  a  compound  of  an  acid,  with  some  one 
of  the  earths,  is  present  in  the  solution.  Or  if,  after 
prussiate  of  potash  has  ceased  to  throw  down  a  sediment, 
the  above-mentioned  alkali  precipitates  a  farther  portion, 
we  may  infer  that  both  earthy  and  metallic  salts  are  coo- 
tained  in  the  solution.  In  the  fust  case,  add  the  alkalias  I 
solution,  and,  when  it  has  ceased  to  produce  atiy  dfect^  I 
let  the  sediment  subside,  decant  the  supematam  liquOF, 
and  wash  and  dry  the  precipitate.  The  earths  may  be 
examined,  according  to  the  rules  that  will  be  given  in  the 
following  article.  In  the  second  case,  prussiate  of  pot- 
ash must  be  added,  as  long  as  it  precipitates  any  thing, 
and  the  liquor  must  be  decanted  from  the  sediment, 
which  is  to  be  washed  with  distilled  water,  adding  the 
washings  to  what  has  been  poured  off.  The  decanted  so- 
lution must  next  be  mixed  with  the  alkaline  one,  and  the 
precipitated  earths  rcserv'ed  for  experiment.  By  this  last 
process,  earths  and  mctuls  may  be  separated  from  each 
other. 

(c)  Neutral  salts  with  alkaline  bases.     These  sails  | 
not  precipitated  either  by  prussiate  or  carbonate  of  e 
ash.      It  may  happen,  however,  that  salts  of  this  ( 
may  be  contained  in  a  solution,  along  with  mi 
earthy  ones.     In  this  case  the  anal)  sis  becomes  diSicu 
because  the  alkali,  that  is  added  to  precipitate  tli$  J 


fattty.  renders  it  dUficok  to  ascertain  whether  the  neutnd 
salts  are  owing  to  this  addition,  or  were  origiMHy  pr&* 
sent. '  I  am  not  aware  of  any  method  of  obviating  this 
dificaliy,  except  the  following:  Let  the  metals  be  pre* 
cipitated  by  prtissiate'  of  ammonia,  and  the  earths  by 
eartxmate  of  ammonia,  in  a  temperature  of  180^  or  up- 
wards, in  order  to  ensnre  the  decomposition  of  magne- 
sian  saks,  which  this  carbonate  does  not  effect  in  the 
cold.  Separate  the  liquor  by  filtration,  and  boil  it  to 
dryness.  Then  expose  the  dry  mass  to  such  a  heat  as  is 
sttficient  to  expel  the  ammopiacal  salts.^  Those  with 
bases  of  fixed  idkali  will  remain  unvolatilized.  By  diis 
process,  indeed,  it  will  be  impossible  to  ascertain  whether 
ammoniacal  salts  were  originally  present ;  but  this  may 
be  learned  by  adding  to  the  salt  under  examination,  be- 
fore its  solution  in  water,  some  pure  potash,  which,  if 
ammonia  be  contained  in  the  salt,  will  produce  the  pocii- 
Kar  smell  of  that  alkali.  The  vegetable  and  miners!  al- 
kalies may  be  distinguished  by  adding  to  the  solution  a 
Httk  tartarous  acid,  which  precipitates  the  former  but  not 
the  latter ;  or  by  muriate  of  platina,  which  acts  only  on 
the  vevetaMe  alkali. 

Having  ascertained  the  basis  of  the  srit,  the  acid  wHl 
mMf  be  disjcriminated.  Miniated  barytes  will  indkate 
Airiphuric  acid  ;  nitrate  of  sSver  the  muriade  ;  and  srits, 
containing  nitric  acid,  may  -be  known  by  a  detonation  en- 
suing on  projei:img  them,  mixed  with  powdered  cbarcorf, 
into  a  red-hot  crucifaie. 


SECT.  IV. 

Examination  of  Earths  and  Stones. 

.  When  a  mineral,  the  composition  of  which  we  are  de- 
sirous to  discover,  resists  the  action  of  water,  and  pos- 
sesses characters  that  rank  it  among  earthy  bodies,  the 
next  ol:ject  of  inquiiy  is  the  nature  of  the  es^rths  that 


*  Thu  applicatkn  «£  hett  will  driiPe  off,  iAk^  mf  caooii  q£  the  oon- 
moniacal  carbooatte,  which  might  have  retained  in  Wlution  ftflbtr  yitriii> 
elucine,  or  zircon.  The  alkaline  salts  may  be  separated  from  these  earths, 
E7  boiliDg  thf  ouature  i»  wstcr.  ilteriog,  mmI  crtpondag. 
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enter  into  its  composition ;  in  other  words,  how  many,  o£ 
the  simple  earths,  and  which  of  them  it  may  contain. — 
Of  these  earths,  (viz.  5ilex,alumine,  magnesia,  lime,  stroo- 
tites,  bar^tes,  zircon,  glycine,  and   yttria)    one   or  morfel 
may  be    expected    in  the   composition  of  a    mineral  b^P 
side  a  small  proportion  of  metals,  to  which  the  colour  ^ 
the  stone  is  owing.     In  general,  however,  it  is  not  usui 
to  find  more  than  four  of  the  simple  earths 
ral.     Tile  newly  discovered  earths,  zircon, 
yttria,  occur  very  nirely. 

A  stone,  which  is  intended  for  chemical 
should  be  finely  powdered,  and  care  should  be  taken  d 
the  mortar  Is  of  harder  materials  than  the  stone,  Otbi 
wise  it  will  be  liable  to  abrasion,  and  uncertainty  will  1] 
occasioned  in    the  result  of  the    process.     A  longer  ' 
shorter  time  is  required,  according  to  the  texture  of  l] 
stone.     Of  the  harder  gems,  100  grains  require  two  ocTl 
three    hours  trituration.      For  soft  stones,  a  mortar  oE.9 
Wedgwood's  ware   is  suSicienti  but,  for  very  hard  int-f 
iK'tals,  one  of  agaie,  or  hard  steel,  is  required ;  and  the  | 
stone  should  be  weighed  both  before  and  after  pulverlz*.  J 
tion,  that  the  addition,  if  any,  may  be  ascertained  and  al>  J 
lowed  for.     Gems,  and  stones  of  equal  hardness,  gain  ge*fl 
nerally  from  10  to  13  per  cent.     Wher 
tremely  difficult  to  be  reduced  to  powder,  it  may  some- 
Umes  be  necessary  to  make  It  red-hot,  and  while  m  this 
stute,  to   plunge  it  into  cold  water.     By  this  process  it 
becomes  briiUe,  and  is  afterwards  easily  pulverized.     But 
this  treatment  is  not  always  effectual;  for  Klaproth  found 
the  hardness  of  corundum  not  at  all  diminished  by  igni- 
ting it,  and  quenching  m  cold  water.  J 

The   chemical    agents,    employed    in    the    analysis   oSm 
stones,  should  be  of  the  greatest  possible  purity.     To  ob-H 
tain  them  in  this  state,  directions  have  been  given  in  the 
former  part  of  this  work. 

In  treating  of  the  analysis  of  stones,  it  may  be  proper 
to  divide  them,  1st,  into  such  as  are  soluble,  either  wht^f 
ly  or  in  part,  and  with  effervescence,  in  nitric  or  mu 
acids,  diluted  with  live  or  sis  parts  of  water  i  and, 
into  such  as  do  not  dissolve  tn  these  acids. 

1.  Ear l/is  or  stones,  soluble  with  effervescence,  in  d'th 
nitric  or  suiphttric  acids,* 
*  Ttic  mlphiuic  acid  u  diitBj  eligible  for  Konu  of  the  a 
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(A.)  If  it  be  found,  on  trial,  that  the  mineral  under  ex- 
~  rveaces  with  either  of  these  acids,  let  a 
given  weight,  finely  powdered,  be  digested  with  one  of 
them  diluted  in  the  above  proportion,  in  a  gentle  heat 
for  two  or  three  hours.  Ascertain  die  loss  of  weight,  in 
the  manner  pointed  out,  page  334,  and  filter  the  solution, 
reserving  the  insoluUe  ponion- 

(B.)  The  solution,  when  effected,  may  contain  lime, 
magnesia,  alumine,  barytes,  or  strontites.  To  ascertain 
the  presence  of  the  two  last,  dilute  an  aliquot  part  of  the 
solution  with  20  times  its  bullc  of  water,  and  add  a  litde 
sulphuric  acid,  or,  in  preference,  solution  of  sulphate  of 
soda.  Should  a  white  precipitate  fall  down,  we  may  in- 
fer the  presence  of  barjtes,  of  strontites,  or  of  both. 

(C.)  To  ascertain  which  of  these  earths,  (viz.  barytes 
or  strontites)  is  present,  or,  if  both  are  contained  in  the 
solution,  to  separate  them  from  each  other,  add  sulphate 
of  soda  till  the  precipitate  ceases  ;  decant  the  superna- 
tant liquid  ;  wash  the  sediment  on  a  filter,  and  dry  it. — 
Then  digest  it,  with  four  times  its  weight  of  pure  carbo- 
nate of  potash,  and  a  sufficient  quantity  of  water,  in  a 
gentle  heat,  during  two  or  three  hours.  A  double  ex- 
change of  principles  will  ensue,  and  we  shall  obtain  a 
carbonate  of  barytes  or  strontites,  or  a  mixture  of  both. 
Pour  on  these,  nitric  acid,  of  the  specific  gravity  1.4,  di- 
luted with  an  equal  weight  of  distilled  water.  This  will 
dissolve  the  strontites,  but  not  the  barjtes.  To  deter- 
mine whether  any  strontites  has  been  taken  up  by  the 
acid,  evaporate  the  solution  to  dr)ncss,  and  dissolve  the 
dry  mass  inalcohol.  This  alcoholic  solution,  if  it  contain 
nitrate  of  strontites,  will  bum  with  a  deep  blood-red 
flame. 

Barytes  and  strontites  may  also  he  separated  from  each 
other  in  the  following  manner  :  To  a  saturated  solution 
of  the  two  earths  in  an  acid,  add  prussiate  of  potash, 
which,  if  pure,  will  occasion  no  immediate  precipiiation ; 
but,  after  some  time,  small  and  insoluble  cnsials  will 
form  on  the  surface  of  the  jar.  These  are  the  prussiated 
barytes,  which  may  be  changed  into  the  carbonate  by  a 
red  heat,  continued,  with  the  access  of  air,  till  the  black 
colour  disappears.  The  strontites  may  be  afterward  se- 
parated from  the  solution  by  carbonate  of  potash. 
A  third  method  of  separating  siron^tcs  from  barytes 
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ia  founded   on  the  stronger  affinity  of  baryWa,  than  ot' 

tins    former  earth,  for  acids.     Htnce  if  the  two  earths  b»- 

present  in  the  same  solution,   add  »  solution  of  pure  Utf-j  I 

ryte3(si:epage90,)  till  the  precipitation  ceases.     The  b 

tes  will  seize  the  acid,  and  wlU  throw  down  the  strontiteSi  i 

The  stronlitic  solution,  in  this  case,  should  huve  n 

of  acid,  which  would  prevent  (he  action  of  the  barytittil 

earili.*  * 

(D.)  The  solution  (B.),  after  the  addition  of  sulphatei 
soda,  may  contain  lime,  m^ignesia,  alumine,  and  some 
tallic  oxides.     To  separate  the  oxides,  add  prussiaie 
potash,  till   its   effect  ceases,  and    filter  the  solution,  Ki 
serving  the  precipitate  for  future  expcrimeiiia. 

(E.)  When  lime,  magnesia,  and  alumine,  are  contaii 
in  the  same  solution,  proceed  as  follows  ; 

(u.)  Precipitate  the  solution,  previously  made  hot, 
carbonate  of  potash  ;  wash  the  precipitate  well,  and 
it.     It  will  consist  ol  carbonates  of  Urn'.-,  magnesia, 
alumine.     (b.)  The  alumine  may  be  separated,  by  di^ 
tion  with  a  solution  of  pure  potash,  which  will  dissolvoi 
the  alumine  but   not  the  other  earths.     ((.)  To  this 
tion  of  alumine,  add  diluted  muriatic  acid,  till  the  i 
pitate  ceases  ;  decant    the  supernatant  Uquor ;  wasi 
precipitate  well  with  distilled  water,  and  dry  it, 
expose  it  to   a  low  red-heat,  in  a  crucible,  and  weigh  l^ 
which  will  give  the  proportion  of  alumine. 

(F.)  Magnesia  and  lime  may  be  separated  by  the  fl 
lowing  process :  Evaporate  the  solution,  in  nitric  or 
riatic  acid,  to  dryness.  Weigh  the  dry  mass,  and 
on  it,  in  a  glass  evaporating  dish,  f  more  than  its 
wei^t  of  strong  sulphuric  acid.  Apply  a  sand  heat  liB- 
the  acid  ceases  to  rise,  and  then  rai^e  the  heat,  so  as  ID' 
expel  the  excess  of  sulphuric  acid.  Weigh  the  dry  mass, 
and  digest  it  in  twice  its  weight  of  cold  distilled  water, 
— This  will  dissolve  the  sulphate  of  magnesia,  and  will 
leave  the  sulphate  of  lime,  which  must  be  put  on  a  filter, 
washed  with  a  Uttle  more  water,  and  dried  in  a  low 


*   Klaproth  Kpiracei    batjtu  rrom  uroiititn  by  cTaporatiog   the 
lion  af  boLh    in  an  i.id.     The   biryik  ah,  bc'in^  hti  »olubli 
llrM  ;  and  th?  ttrontilic  i>  coniiuiril  in  ihe  lajit  pgnnHK. 

t  The  bof  tnin  of  a  brultcQ  Fli>r«tice  fluk  aiuwcn  thii  paijiofi:  ovtlMl)' 
well,  and  bcara,  wijiouc  btcikiug,  the  heU  nccesnry  to  apel  the  lulpllD' 
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bnt. '  To  estimate  the  quantity  of  lime,  deduct,  from  the 
vmffbl  of  the  sulphate,  59  per  cent.  According  to  Kla' 
prodi-^voL  u  p.  76,  n.),  crystallized  sulphate  of  Ume  con- 
tains  ona-tturd  of  earth. 

If  the  lime  be  only  in  very  small  proportion  to  the 
magnesia,  the  two  sulphates  may  be  separated  by  evapo* 
ration,  that  of  lime  crystallizing  first. 

From  Klaproth's  experiments,  100  parts  of  sulphuric 
acid,  spec.  gr.  1850,  when  saturated  with  lime,  give  160 
of  sulphate.  To  saturate  100  parts  of  this  acid,  55  parts 
of  pure  lime  are  required,  or  100  of  carbonate  of  lime. 

The  magnesia  is  next  to  be  precipitated  from  the  sul- 
phate by  the  carbonate  of  potash,  in  a  heat  approaching 
212* ;  and  the  precipitate,  alter  being  well  washed,  must 
be  dried,  and  calcined  for  an  hour.  Its  weight,  after  caU 
cination,  will  give  the  quantity  of  magnesia  contained  in 
the  stone. 

(G.)  If  magnesia  and  alumine  only  be  contained  in  a 
solution  (the  absence  of  lime  being  indicated  by  the  non« 
appearance  of  a  precipitate,  on  adding  oxalate  of  ammo- 
nia,) the  two  earths  may  be  separated  by  adding,  to  the 
cold  solution,  the  carbonate  of  ammonia.  This  will  se- 
parate the  alumine,  which,  may  be  collected,  washed,  and 
dried.  To  ascertiun  that  a  complete  sei>aration  of  the 
two  earths  has  been  accomplished,  the  process  may  be 
followed^  recommended  by  Klaproth,  vol.  i.  p.  418.  The 
magnesia,  remaining  in  solution,  may  be  precipitated  by 
carbonate  of  potash ;  heat  being  aj^ied,  to  expel  the 
excess  of  carbonic  acid. 

Magnesia  and  alumine  may,  also,  be  separated  by  suc- 
cinate of  soda,  which  precipitates  the  latter  earth  onl}'. 
(See  Sect.  1.  xvii.  of  the  Chapter  on  Mineral  Waters.) 

When  the  solution  of  magnesia,  of  alumine,  or  of  both, 
contains  a  small  proportion  of  iron,  this  may  be  separa^ 
ted  from  either  or  both  of  the  earths  by  evaporating  to 
drjmess,  calciniog  die  residue,  during  one  hour,  in  a  low 
ted  heat,  and  dissolving  again  in  dilute  nitric  acid,  which 
does  not  take  up  iron  when  thus  oxydized. 

(H.)  The  insoluble  residue  (A.)  may  contain  alumine, 
silex,  asid  oxides,  of  metds,  so  highly  charged  with  oxy* 
gen  as  to  resist  the  action  of  nitric  and  muriatic  acids. 

(aJ)  Add  concentrated  sulphuric  acid,  with  a  small 
quantity  of  potash,  and  evaporate  the  mixture  to  dry- 
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nes3,  in  the  vessel  described  in  the  note,  p.  340.  On  the 
dr^  mass  pour  st  fresh  portion  of  the  acid  ;  boil  again  to 
dryness,  and  let  tliia  be  done,  repeatedly,  three  or  four 
times.  By  this  operation,  the  alumine  will  be  converted 
into  a  sulphate  of  ahimine  and  potash,  which  will  be 
easily  soluble  in  warm  water ;  and,  from  the  solution, 
crystals  of  alum  will  shoot  on  evaporation.*  Let  the 
sulphate  of  alumine  be  washed  off,  and  the  insoluble  pan 
be  collected  and  dried.  The  alumine  maybe  precipi"  " 
ted  by  carbonate  of  potash  ;  washed,  dried,  and  ignil 
and  its  weight  ascertained. 

During  die  evaporation  of  a  solution  of  alumine,  which 
has  been  separated  from  stlex,  portions  of  the  latter  earth 
continue  to  fall,  even  to  the  last.  (Sec  KLiproth,  i.  p. 
66.  and  75.)  These  must  be  collected,  and  washed  with 
warm  water ;  the  collected  earth  added  to  the  portion  (i.) 
and  the  washings  to  the  solution  (o.J 

Alumine  may  be  separated  from  oxide  of  iroQ  by  a  so- 
lution of  pure  potash. 

From  whatever  acid  alumine  is  precipitated  by  fixed 
alkali,  it  is  apt  to  retain  a  small  portion  of  the  precipi- 
tant. To  ascertain  the  true  quantity  of  this  earth,  it  must, 
therefore,  be  redisaolved  in  acetous  acid,  again  precipi- 
tated by  solution  of  pure  ammonia,  dried,  andigniteid. 

(i.)  The  oxides  (generally  of  iron  only)  may  be  sepa- 
rated from  the  ailex  in  the  following  manner: — Let  the 
insoluble  part  (a)  be  heated  in  a  crucible  with  a  little 
wax.  This  will  render  the  oxides  soluble  in  diluted  sul- 
phuric acid,  and  the  silex  will  be  left  pure  and  white- 
Let  it  be  washed,  ignited,  and  its  weight  ascertained.       ,    i 

2.  Stones  insoluble  in  diluted  niirk  and  muriatic  acids.    '\ 

These  stones  must  be  reduced  to  powder,  observing  die 
camions  given  in  page  338. 

(L)  Let  100  grains,  or  any  other  determinate  quantit)-, 
be  mixed  with  three  times  their  weight  of  pure  and  dry 
potash.  Put  the  whole  into  a  crucible  of  pure  silver,  set 
in  one  of  earthen  ware  of  a  larger  size,  the  interstice  be- 

*  Mr.  KUproth  procured  cryiub  of  alum  from  one  fourth  ofa  ttrvo  oi 
uluminc    The  quimity  of  ilamioc  he  citimatcs  >l   oni 
of  the  cryiuUized  alum  which  ii  obuincd. 
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ing  (ilkd  with  sand ;  and  add  a  titde  water.^  The  cru- 
cible, covered  with  a  lid,  must  then  be  gradually  heated; 
and,  as  the  materials  swcU  and  woidd  boil  over,  they  are 
^o  be  stirred  constantly  with  a  rod  or  spatula  of  silver. 
When  the  moisture  is  dissipated,  and  the  mass  has  become 
quite  dry,  raise  the  heat,  as  far  as  can  be  done  without 
melting  the  crucible,  if  of  silver,  and  continue  the  heat 
during  half  an  hour,  or  an  hour. 

The  phenomena  that  occur  during  this  operation  indi- 
cate, in  some  degree,  the  nature  of  the  mineral  under  ex- 
amination. If  the  mixture  undergo  a  perfectly  liquid 
fusion,  we  may  presume  that  the  stone  contains  much 
silicious  earth  ;  if  it  remain  pasty  and  opaque,  the  other 
earths  are  to  be  suspected  ;  and,  lastly,  if  it  have  the 
form  of  a  dry  powder,  the  bulk  of  which  has  considerably 
increased,  it  is  a  sign  of  the  predominance  of  alumine. 

If  the  fused  mass  have  a  dark  green  or  brownish  colour, 
the  presence  of  oxide  of  iron  is  announced  ;  a  bright  green 
indicates  manganese,  especially  if  the  colour  be  imparted 
to  water;  and  a  yellowish  green  the  oxide  of  chrome. 

(m)  The  disintegration  of  stones,  consisting  chiefly  of 
alumine,  is  not  easily  effected,  however,  by  means  of  pot- 
ash. Mr.  Chenevix  found  (Phil.  Trans.  1802,)  that  mme- 
rals  of  this  class  are  much  more  completely  decomposed 
by  fusion  with  calcined  borax.  One  part  of  the  mineral 
to  be  examined,  reduced  to  very  fine  powder,  and  mingled 
with  2i  or  3  times  its  weight  of  glass  of  borax  (see  ch, 
xvi.)  is  to  be  exposed  to  a  strong  heat  for  two  hours  in  a 
crucible  of  platina,  set  in  a  larger  earthen  one,  and  sur- 
rounded by  sand.  The  crucible,  and  its  contents,  which 
adhere  very  strongly  to  it,  are  tlien  to  be  digested,  for 
some  hours,  with  muriatic  acid,  by  which  a  perfect  sdu- 
tion  will  be  accomplished.  The  whole  of  the  earthy  part 
is  then  to  be  precipitated  by  sub-carbonate  of  ammonia; 
and  the  precipitate,  after  being  well  washed,  is  to  be  re- 
dissolved  in  muriatic  acid.     By  this  means,  the  borax  is 


•  Kliprolh  cfFieted  the  ditint^ration  oF  corundum  (which  rciiktej 
cUvcD  nicccuivc  fuiinns  wiih  alkali)  by  adding  to  the  powdered  uonc, 
in  »  cnicible,  a  wlution  of  pure  poush,  boiling  <o  drjrneis,  and  puihing 
Ihe  mixlure  to  fuiion.  The  ukall  must  be  pctfcctly  caustic,  and  muit  ha*c 
been  purified  bj  alcohol,  ■■  reconuncndrd  page  sd.  A  platina  (tucIblcL- 
HJiRt  For  ihii  purpoK,  as  il  ii  coriodcd  by  pure  alkalic!. 
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Kparated.     The  analysis  U  afterwards  to  be  oiiidBcted 
nearly  in  the  manner  which  wilt  pnsenUy  be  desiciibed. 

(K)  The  cnicibJe,  bemg  removed  from  the  fire,  ia 
be  wcU  cleaned  on  ihc  outside,  and  set,  with  its  cool 
ta  a  porcelain  or  glass  vcssul,  filled  with  hot  water, 
is  to  be  stirred  and  renewed,  occasionally,  till  the  w1 
roaas  is  detached.     The  water  dissolves 
port  of  the  compound  of  alumine  and  silex  with  pota^ 
even  the  whole,  if  added  in  sufficient  quantity.     DuriD^ 
cooling,  a  sediment  occasioaall)    forms,  in  the  filtered  U- 
quor,  of  a  brownish  colour,  which  is  oxide 
(Sec  Klaprolh,  I.  345,  i.) 

(L)  To  the  solubon  {K.),  and  the  mass  that  has  resii 
solution,  in  the  same  vessel,  add  muriatic  acid.  The 
ponioDS  of  acid  will  throw  down  a  flocculent  sedimei 
which  consists  of  the  earths  that  were  held  dissolved  fcr 
the  alkali.  Then  an  effervescence  ensues ;  and  a  preci- 
pitate occurs,  which  is  no  sooner  formed  than  it  is  dis- 
solved. Lastly,  the  portion  that  resisted  the  action  of 
water  is  taken  up,  silendy  if  it  contain  alumine,  and  with 
effervescence  if  it  be  c^careous  earth. 

(M)    From    the    phenomena   attending    the  action   of 
muriatic  acid,  some  indications  may  be  derived.     T' 
solution  assume  a  purplish  red  colour,  it  ia  a  sign  of 
of  manganese  i  an   orange  red    shows  iron ;  and   a 
yellow  colour  betokens   chrome.     Freedom  from  co! 
proves,  that  the  stone  contains  no  metallic  ingredients. 

(N)  When  the  solution  is  complete,  it  is  to  be  e»! 
rated  to  dryness,  in  a  glass  vessel ;  but,  if  any  thing  rt 
solution,  it  must  be  heated,  as  before,  (1,)   with  potaaK^ 
When  the  liquor  approaches  to  dryness,  it  assumes  the 
form  of  a  jell)-,  and  must  then  be  diligendy  stirred  till 
quite  diy. 

(O)  (a)  Let  the  dry  mass  be  digested,  in  a  gentle  heat, 
with  three  or  four  pints,  or  even  more,  of  diKtUed  water, 
and  filtered,  (i)  Wash  what  remains  on  the  filter,  tc 
peatedl),  till  the  washing  ceases  to  precipitate  the  nitrate 
of  silver,  and  add  the  washings  to  the  filtered  liquor, 
(c)  Let  the  residue  on  the  filter  be  dried  and  ignited  in  a 
crucible.  Its  weight  shows  the  quantity  of  silcx.  If  pt 
it  should  be  perfecdy  white,  but  if  it  has  any  colour, 
admixture    of  some  metallic  oxide  is   indicated.     Fi 
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this  it  may  be  purified  by  digestion  in  muriatic  acid,  and 
may  again  be  washed,  ignited,  and  weighed. 

(P)  The  solution  (O^),  which,  owing  to  the  addition  of 
the  washings,  will  have  considerable  bulk,  is  next  to  be 
evaporated,  till  less  than  a  pint  remains  ;  carbonate  of 
potash  must  then  be  added,  and  the  liquor  must  be  heated 
during  a  few  minutes.  Let  the  precipitate,  occasioned  by 
the  alkali,  subside  ;  decant  the  liquor  from  above  it,  and 
wash  the  sediment,  repeatedly,  with  warm  water.  Let  it 
then  be  put  on  a  filter  and  dried. 

(Q)  The  dried  powder  may  contain  alumine,  lime,  mag- 
nesia, barytes,  or  strontites;  besides  metallic  oxides, 
which  may  be  separated  from  each  other  by  the  rules 
already  given. 

(R)  It  may  be  proper  to  examine  the  soludon  (P)  after 
the  addition  of  carbonate  of  potash,  in  order  to  discover 
whether  any  and  what  acid  was  contained  in  the  stone. 

(a)  For  this  purpose,  let  the  excess  of  alkali  be  neutni- 
lized  by  muriatic  acid,  and  the  liquor  filtered. 

(b)  Add,  to  a  little  of  this  liquor,  a  soludon  of  muriated 
barytes.  Should  a  copious  precipitate  ensue,  which  is 
insoluble  in  dilute  muriatic  acid,  the  presence  of  sulphuric 
acid  is  detected*  And  if  much  barytes,  strontites,  or 
lime,  has  been  found  in  the  precipitate  (Q),  we  may  infer 
the  presence  of  a  sulphate  of  one  of  these  three  earths. 

(c)  If,  on  mixing  the  liquid  (a)  with  the  solution  of  mu- 
riated barytes,  a  precipitate  ensues  which  is  soluble,  with- 
out effervescence,  in  muriatic  acid,  the  phosphoric  add 
may  be  known  to  be  present ;  and,  if  lime  be  also  found, 
•the  phosphate  of  lime  is  indicated. 

(d)  To  a  portion  of  the  liquor  (a)  add  a  solution  of  mu- 
riate of  lime  till  the  precipitate,  if  any,  ceases.  Collect 
this  precipitate,  wash  it,  dry  it,  and  pour  on  it  a  little  sul- 
phuric acid.  Should  acid  fumes  arise,  the  fluoric  acid 
may  be  suspected.  To  ascertain  its  presence  decisively, 
distil  a  portion  of  the  precipitate  with  half  its  weight 
of  sulphuric  acid.  The  fluoric  acid  will  be  known  by  its 
effects  on  the  retort,  and  by  the  properties  described, 
chap.  xvii. 

(S)  The  method  of  separating,  from  each  other,  the 
metallic  osides,  usually  found  as  the  colouring  ingredients 
of  stones,  remains  to  be  accomplished. 

{a)  Let  the  precmitate,  by  the  prussiate  of  potash,  (D,) 

X  X 
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be  exposed  to  a  red  heat,  by  which  the  pruasic  acid  will 
liu  decomposed.  The  oxides  thus  obtained,  if  iusolublc 
in  dilute  nitric  or  muritilJc  acid,  will  be  rendered  soluble, 
bv  again  culcining  them  with  the  addition  of  a  litUu  wax 
or  oil. 

(ft)  Or  the  process  may  be  varied  by  ontitting  the  prc- 
ripiut'ton  by  prussiiite  of  potash,  and  proceeding  as  di- 
rected, E.  p;ige  340, 

The  oxides  will  nmain  mixed  with  the  magnesia  and 
lime,  ami,  alter  the  addition  of  sulphuric  acid,  will  be  held 
in  solution  b)-  that  acid,  along  with  magnesia  onl)' 

In  both  cnsca  the  same  method  of  proceeding  ina^, 
adopted  ;  such  variation  only  being  necessary-,  as  is 
sioned  by  the  presence  of  magnesia  in  tlie  latter, 

(<■)  To  the  solution  (a  or  h)  containing  several  metallic 
oxides  dissolved  by  an  acid,  add  a  solution  of  crystallized 
carbonate  of  potash,  aa  long  as  any  precipitation  ensues. 
This  will  separate  ilie  oxides  of  iron,  chrome,  and  nickel: 
hut  die  oxide  of  manganese  and  the  magnesia,  if  any  be 
present,  will  remain  dissolved. 

If  a  small  quantity  of  oxide  of  manganese  be  suspected 
in  an  oxide  of  iron,  it  may  be  detected  by  mixing  the 
oxide  with  nitre,  and  throwing  the  mixture  into  a  red-hot 
crucible.  Manganese  will  be  indicated  by  an  amethysdne 
red  tinge  in  the  solution  of  this  nitre. 

(d)  Magnesia  and  oxide  of  manganese  may  be  sc| 
rated  bj-  adding  lo  their  solution  (r)  the  hydro-sulphui , 
of  potash,  (sec  ch.  iii,  sect.  6.)  which  will  throw  doim* 
the  manganese,  but  not  the  magnesia.  The  precipiiated 
manganese  mu^t  be  calcined  with  the  access  of  air  and 
weighed.  The  magnesia  may  afterward  be  separated  by 
solution  of  pure  potash  ;  and,  when  precipitated,  roust  be 
Washed,  dried,  and  culcioed. 

(f)  The  oxide  of  chrome  may  be  separated  from  thi 
of  iro:i    and  nickel,  by  repeatedly  boiling  the  three, 
dryness,  with  nitric  acid,     lliis  will  acidify  the  chrome, 
and  will  render  it  soluble  in  pure  potash,  which  does  not 
taVe  up  the  other  oxides.     From  this  combination  with 
potash   the  chromic  oxide  may  be  .detached,  by  adding 
muriatic  acid  and  evaporuQng  the  liquor  till  it  assui 
a  green  colour.     Then,  on  adding  a  solution  of  pure 
ash,  the    oxide  of  chrome  will  fall   down,  because 
quantity   of   oxygen,    required  for  its  acidificatioD,  has 
been  separated  by  the  muriatic  acid. 
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(/)  ^^^  oxides  of  iron  and  nickel  are  next  to  be  dis- 
solved in  muriatic  acid ;  and  to  the  solution  pure  liquid 
ammonia  is  to  be  added,  till  there  is  an  evident  excess 
of  it.  The  oxide  of  iron  will  be  precipitated,  and  must 
be  dried  and  weighed.  If  highly  oxydized,  it  must,  be- 
fore weighing,  be  calcined  with  wax,  in  a  crucible.  The 
oxide,  of  nickel  remsdns  dissolved  by  the  excess  of  am- 
monia, to  which  it  imparts  a  blue  colour.  It  may  be  se- 
parated by  evaporadng  the  solution  to  dryness  and  dis- 
solving the  salt.* 

The  analysis  of  the  stone  is  now  completed,  and  its  ac- 
curacy may  be  judged  by  the  correspondence  of  the 
weight  of  the  component  parts  with  that  of  the  stone 
ori^^nally  submitted  to  experiment. 

It  may  be  proper  to  observe,  tliat  certain  stones,  which 
are  not  soluble  in  diluted  nitric  and  muriatic  acids,  mav 
be  decomposed  by  an  easier  process  than  that  described 
TA).  Among  these  are  the  compounds  of  barytes,  stron- 
tites,  and  lime,  with  acids,  chiefly  with  the  sulphuric, 
fluoric,  and  phosphoric.  The  sulphates  of  bar)'tes,  stron- 
tites,  and  lime ;  the  fluate  of  lime ;  and  the  phosphate  of 
lime ;  are  all  found  native  in  the  earth,  and,  except  the 
last^  are  all  insoluble  in  the  above-mendoned  acids.  The}' 
may  be  known  generally  by  their  external  characters. 
The  compounds  of  barytes  and  strontites  have  a  specific 
gravity  greater  than  that  of  other  earths,  but  inferior  to 
that  of  metallic  ores.  They  have,  frequendy,  a  regular 
or  crystallized  form,  are  more  or  less  transparent,  have 
some  lustte,  and  their  hardness  is  such  as  does  not  pre- 
vent their  yielding  to  the  knife.  The  combinations  of 
lime,  with  die  above-ixientioned  acids,  arc  distinguished 
by  similar  characters,  except  that  they  are  much  less 
heavy.  To  the  mineralogist  the  outward  form  and  cha- 
racters of  these  stones  are  sufficient  indications  of  their 
composition. 

Instead  of  the  fusion  with  alkali,  an  easier  process  may 
he  recommended.  Let  the  mineral  under  examination 
be  reduced  to  powder,  and  be  digested,  in  nearly  a  boil- 
ing heat,  during  one  or  two  hours,  with  three  or  four  times 
its  weight  of  carbonate  of  potash,  and  a  sufficient  quan- 

*  For  an  example  of  the  teparation  of  nickel  from  iron,  kc  Klaproth, 
Vol.  1. 1>.  4%% ;  where,  aUo,  and  pajrc  428,  is  an  in^^nncc  of  the  testing  of 
jiickcl  for  copper. 
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lity  of  distilled  water.  The  acitl,  unilcd  with  ihc  L-arth| 
will  quit  it  and  puss  to  the  potash,  while  the  carbonic 
acid  will  leave  the  alkali  and  combine  with  the  earth. 
We  shall  obtain,  therefore,  a  tonipound  of  the  aad  of 
the  stone  with  polnsh,  which  will  rvmuin  in  solution, 
while  the  carbonated  earths  will  form  an  insoluble  preci- 
pitate. The  solution  may  be  assayed  to  discover  the  tttt. 
ture  of  the  acid,  according  to  the  formula  (1) ;  and  the 
earths  mav  he  separated  from  each  other  by  the  pro- 
cesses (B)',  &c. 

(T.)  In  the  foregoing  rules  for  analysis  I  have  omitted 
the  mode  of  detecting  and  separating  gtudne,  because 
this  earth  is  of  vcty  rare  occurrence.  When  alumioe  and 
glucine  are  present  in  a  mineral,  they  may  be  separated 
Irom  the  precipitate  (E.  a)  by  pure  potash,  which  dissolves 
both  these  earths.  A  sufficient  quantity  of  acid  is  then 
to  be  added  to  saturate  the  alkali )  and  carbonate  of  am- 
monia is  to  be  poured  in  till  a  considerable  excess  of  thii 
carbonate  is  manifi^ted  hy  the  smetl.  The  alumine  is 
thus  separated,  but  the  glucine,  being  soluble  in  the  car- 
bonate of  ammonia,  remains  dissolved,  and  may  be  pre- 
cipitated by  boiling  the  solution. 

(U.)  Zircon  may  be  separated  from  alumine,  by  boiling 
the  mixed  earths  with  pure  anda,  which  acts  only  on 
the  latter.  (Klaproth,  Vol.  II.  p.  213.)  From  an  acid 
solution  containing  both  earths,  the  alumine  is  thrown 
down  by  a  saturated  carbonate  of  potash,  which,  when 
added  in  excess,  re-dissolves  the  zircon.  Glucine  and 
zircon,  or  glucine  and  jttria,  may  be  separated,  when 
mixed  together  in  solution,  by  pnissiatc  of  potash,  which 
has  no  action  on  glucine,  but  precipitates  the  two  other 
earths. 

(V.)  To  separate  yltria  from  alumine,  precipitate  thcni 
from  a  solution  containing  botli  earths,  ly  pure  am- 
monia; boil  the  precipitate  in  a  solution  of  pure  soda, 
which  chiefly  takes  up  alumine ;  neutralize  the  solution 
witli  sulphuric  acid,  and  adi!  carbonate  of  soda  i 
solution,  brought  to  the  boiling  temperature.  A 
pitate  will  ensue,  consisting  of  alumine  w'  ' 
To  separate  the  latter  earth,  dissolve  in  murtauc  t 
and  add  an  excess  of  carbonate  of  ammonia,  vhich  b 
up  only  the  yttria.  To  ensure,  still  fanher,  the  p 
the  ahiminc,  dissolve  the  residue  in  an  cxccssof  w 
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acid :  add  a  small  portion  of  sulphate  of  potash,  and  nys-' 
talUze  the  solution.  The  crystals  of  alum,  that  ari  pro* 
daced,  contain  1-lOth  of  alumine. 

(W.)  The  presence  of  potash  (which  has  lately  been 
discovered  in  some  stones)  may  be  detected  by  boiling  the 
powdered  mineral,  repeatedly,  to  dryness,  with  strong 
sulphuric  add.  Wash  the  dry  mass  with  water, ,. add  a 
litde  excess  of  acid,  and  evaporate  the  solution  to  a  small- 
er bulk.  If  crystals  of  alum  should  appear,  it  is  a  decisive 
proof  of  potash,  because  this  salt  can  never  be  obtained, 
in  a  crystallized  form,  without  the  addition  of  the  vege- 
table alkali. 

But,  since  a  mineral  may  contun  potash,  and  litde  or 
no  alumine,  in  wluch  case  no  crystals  of  silum  will  ap- 
pear, it  may  be  necessary,  in  the  latter  case,  to  add  a 
little  alumine  along  with  the  sulphuric  acid.  Or  the 
stone  may  be  so  hard  as  to  resist  the  action  of  sulphuric 
acid ;  and  it  will  then  be  necessary  to  (iise  it  (in  the  man- 
ner directed,  I)  with  soda,  which  has  also  a  solvent  power 
over  alumine  and  silex.  The  fused  mass  is  to  be  dissolved 
in  water,  and  supersaturated  with  sulphuric  acid.  Evapo- 
rate to  dryness,  redissolve  in  water ;  and  filter,  to  sepa- 
rate the  silex.  Evaporate  the  solution,  which  will  first 
afibrd  crystals  of  sulphate  of  soda,  and  afterwards  of  sul- 
phate of  potash,  should  the  latter  alkali  be  contained  in 
the  mineral. 

Klaproth  first  discovered  potash  in  leucite,  on  summing 
op  the  t^^ults  of  its  analysis,  which  gave  a  considerable 
loss  of  weight.  By  boiling  the  stone  with  diluted  muria- 
tic acid,  and  evaporation,  he  obtained  crystals  of  muriate 
of  potash.  Another  proof  of  the  presence  of  potash  was, 
that,  when  sulphuric  acid  was  boiled  with  it,  the  solution 
gave  crystals  of  alum,  to  which  potash  is  essential.  He 
also  boiled  the  stone  with  muriatic  acid,  and,  after  dis- 
solving the  muriate  of  alumine  by  alcohol,  muriate  of  pot- 
ash remaned.  The  volcanic  leucite  contained  less  pot- 
ash than  other  kinds.  The  same  alkali  he  also  detected, 
afterwards,  in  lepiddlite. 

The  potash,  contuned  in  sulphate  of  alumine,  may  be 
separated  from  the  earth  by  adding  a  solution  of  pure 
baiytes  as  long  as  any  precipitation  is  produced.  The 
alumine  and  sidphate  of  barytes  will  fall  down  together, 
and  the  potaah  will  remain  in  solution.    Its  presence  may 
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be  known  by  the  testa,  cDumcrated  in  the  1st  chapter  of 
Part  II.  (Sec.  2.) 

X.  Soda  may  be  detected  in  a  mineral  by  the  follow- 
ing experiments: — Let  the  powdered  ston(  be  treated 
with  suiphuric  acid,  as  in  U ;  wash  off  the  solution,  and 
add  pure  ammonia  till  the  precipitation  ceases :  Then  &!• 
ter,  evaporate  the  solution  to  dryness,  and  nuse  the  heat 
so  as  to  expel  the  sulphate  of  ammonia.  The  sulphate  of 
soda  will  remain,  and  may  be  known  by  the  characters, 
page  134. 

Soda  was  first  found,  by  Klaprotb,  in  chrysolite,  in  the 
lar^e  proportion  of  36  per  cent-  This  analysis  was  con- 
firmed by  Vauquelin,  whose  mode  of  separating  it,  hap- 
pens to  be  the  one  I  now  recommend.  Both  the  fixed 
alkalies  have  since  been  frequently  discovered  in  native  ' 
minerals  1  viz.  soda  in  basalt  (IClaproth,  II,  195);  in  pitch- 
stone  (207)  i  and  in  kling-stone,  amounting  to  8  per  cent. 
(183).  The  same  skilful  analyst  has  tbund  potash  in 
Hungarian  pearl-stone  (263)  i  and,  accompanied  by  soda, 
in  pumice  (20). 

A  new  method  has  lately  been  proposed  by  Mr.  Daw, 
(Phil.  Trans.  1805,  or  Nich.  Jonm.  xiii.  86.)  for  ana- 
lyzing stones,  containing  either  of  the  fixed  alkalies ; 
viz.  by  means  of  the  boracic  acid.  The  process  is  suffici- 
ently simple.  One  hundred  grains  of  the  stone  to  be  exa- 
mined must  be  fused,  during  half  an  hour,  at  a  strong  red 
heat,  with  200  grains  of  boracic  acid.  An  ounce  and  halt* 
of  nitric  acid,  diluted  with  7  or  8  parts  of  water,  must  be 
digested  oa  the  mass,  till  the  whole  has  been  decomposed. 
The  fluid  must  be  evaporated,  uU  its  quantity  is  reduced 
to  an  ounce  and  half,  or  two  ounces. 

If  the  stone  contain  silex,  this  earUi  will  be  separated 
in  the  process  of  solution  and  evaporation.  It  roust  be 
collected  on  a  filter,  and  washed  well  with  water,  tJU  the 
boracic  acid,  and  all  the  saline  matter  are  separated.  The 
fluid,  and  all  that  has  passed  through  the  filler,  must  be 
evaporated  to  ^out  half  a  pint;  then  saturated  with  car- 
bonate of  ammonia ;  and  boiled  with  an  excess  of  that 
salt,  till  alt  the  materials  that  it  contains,  capable  of  being 
precipitated,  have  fallen  to  the  bottom  of  the  vessel.  The 
solution  must  then  be  passed  through  a  filter,  which  re- 
tains the  earths  and  metallic  oxides.  It  must  then  be 
mixed  with  nitric  acid,  till  it  tastes  strongly  sour,  and  eva- 
porated till  the  boracic  acid  appears  free.     The  fluid  must 


CHAP.   It.  AJSrAlTSIS  OF  MINERALS.  351 

next  be  evaporated  to  dryness ;  when  by  exposure  to  a 
heat  of  450^  Fahrenheit,  the  nitrate  of  ammonia  will  be 
decomposed,  and  the  nitrate  of  potash  or  soda  will  remain 
in  the  vessek 

The  remaining  earths  and  metallic  oxides  are  separated 
from  each  other  by  common  processes;*  viz*  alumine  by 
solution  of  potash ;  lime  by  sulphuric  acid ;  oxide  of  iron 
by  succinate  of  ammonia ;  oxide  of  manganese  by  hydro- 
sulphuret  of  potash ;  and  magnesia  by  pure  soda. 

2.  Table  of  Substances  which  may  be  expected  in  Earths  and 
Stones^  and  the  means  of  separating  them  from  each  other. 

Acidy  fluoric,  R.  d. 

phosphoric^  R.  c. 
sulphuric,  R.  b. 
Abtmine  m)m  lime  and  magnesia,  E. 
its  quantity,  £.  c. 
from  magnesia,  G. 
from  silex,  H«  a. 

metallic  ondes,  H.  a. 
glucine,  T. 
Barytes  and  Strontites  from  other  earths,  B* 

from  strontites,  C. 
Chrome  from  manganese,  &c.  S.  c. 

iron  and  nickel,  S.  e. 
Earths  from  oxides,  D. 
Glucine  from  alumine,  T* 
Iron  from  manganese,  S.  e. 

nickel,  S.  f. 
Lime  frt)m  magnesia,  F. 
alumine,  £•  b« 
its  quantity,  F* 
Magnesia  from  lime,  F. 

alumine,  G. 
manganese,  S.  d. 
its  quantinr,  F. 
Manganesey  indications  of,  M. 

fiDmiron,  chrome^  and  nickel,  S.  c. 
from  magnesia,  S.  d* 
Nickel  from  manganese,  S.  e. 

iron,  S*  f. 
Oxides  J  metallic,  from  earths,  D. 
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Polath  itom  canha  and  oxides,  W. 
Sikx  from  alumine,  H.  a. 

earths  in  general,  O.  c. 
oxidea,  H.  b. 
w  Scda  from  earths  and  oxides,  X. 
^rontites,  see  Barytes. 

'a  from  aiumine,  &C.  V. 
Zircon  from  aiumine,  &&.  U. 


Anal'jiis  of  Jrijlammablt  Fosxiln. 

The  exact  analysis  of  inflammable  fossils  is  seldom 
cessary   in   directing    the    most  beneficial   application 
them.     It  may  be  proper,  however,  to  offer  a  few  genei 
roles  for  judging  of  their  purity. 

1.  Sulphur.  Sulphur  should  be  entirely  volatilized  by 
distillaUon  in  a  glass  retort.  If  any  thing  remain  fixed,  it 
must  be  considered  as  an  impurity,  and  may  be  examined 
by  the  preceding  rules. 

Sulphur,  also,   should    be  totally  dissolved  by  boiti 
with  solution  of  pure  potash,  and  may  be  separated  fron' 
its  impurities  bytltis  alkali. 

Impure  sulphur,  consumed  by  burning  in  a  smctU  cruo^j 
ble,  leaves  a  residue  of  oxide  of  iron  and  silex. 


II.  Coatn. 


1.  The  proporcion  of  bituminous  matter  in  coal  may 
learnt  by  distillation,  in  an  earthen  retort,  and  collecting 
their  product, 

2.  The  proportion  of  earthy  or  metallic  ingredients  may 
be  found,  by  burning  the  coal,  with  access  of  air,  on  a 
red-hot  iron.  What  remains  unconsumcd  must  be  con- 
sidered as  an  impurity,  and  may  be  analyzed  by  the  fore- 
going rules. 

3.  The  proportion  of  carbon  may  be  ascertained  by  ob- 
serving the  quantity  of  nitrate  of  potash  which  a  given 
weight  of  the  coal  is  capable  of  decomposing.     For  this 
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purpose,  let  500  grains,  or  more,  of  perfectly  pure  nitre 
be  melted  in  a  crucible,  and,  when  red-hot,  let  the  coal 
to  be  examined,  reduced  to  a  coarse  powder,  be  projected 
on  the  nitre,  by  small  portions  at  once,  not  exceeding  one 
or  two  grains.  Immediately,  when  the  flame,  occasioned 
by  one  projection,  has  ceased,  let  another  be  made,  and 
so  on  till  the  effect  ceases.  The  proportion  of  carbon  in 
the  coal  is  direcdy  proportionate  to  the  quantity  required 
to  alkalize  the  nitre.  Thus,  since  12*709  of  carbon  are  re- 
quired to  alkalize  100  of  nitre,  it  will  be  easy  to  deduce 
the  quantity  6f  carbon,  in  a  given  weight  of  coal,  from- 
the  quandty  of  nitre  which  it  is  capable  of  decomposing^ 
This  metlKxl,  however,  is  liable  to  several  objections, 
which  its  inventor,  Mr.  Kirwan,  seems  fully  aware  of. 
See  his  Elements  of  Mineralogy,  VoL  II.  p.  514. 

PhimbagOj  or  black  lead^  is  another  inflammable  sub- 
stance, which  it  may  sometimes  be  highly  useful  .to  be 
able  to  identify,  and  to  judge  of  its  purity.— When  pro* 
jected  on  red-hot  nitre,  it  should  detonate;  and,  on  dis- 
solving the  decomposed  nitre,  an  oxide  of  iron  should  re- 
main, amounting  to  one-tenth  the  weight  of  the  plumba- 
go. -  Any  minend,  therefore^  that  answers  to  these  charac- 
ters, and  leaves  a  shining  trace  on  paper,  like  that  of  the 
black-lead  pencils,  is  plumbago. 


SECT.  VI. 

Analysis  of  Metallic  Ores. 

The  class  of  metals  comprehends  so  great  a  number  of 
individuals,  that  it  is  almost  impossible  to  offer  a  compre- 
hensive formula  for  the  analysis  of  ores.  Ores  of  the 
same  metal,  also,  as  the  mineralizing  ingredients  vary,  re- 
quire very  different  treatment.  Yet  some  general  direc- 
tions are  absolutely  necessary,  to  enable  the  naturalist  to 
judge  of  the  composition  of  bodies  of  this  class. 

The  ores  of  metals  may  be  analyzed  in  two  modes,  in 
the  humid  and  the  diy  way.  The  first  is  effected  with 
the  aid  of  acids  and  of  other  liquid  agents,  and  may  often 
be  accomplished  by  persons  who  are  prevented,  bv  the 
want  of  furnaces,  and  odier  necessary  apparatus,  from  at* 
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be  preseot  it^^ 
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tempting  the  second.  If  sulphur,  however,  be  preseot  ii 
an  ore,  which  may  be  generally  known  by  ita  external 
diaracters,  as  described  by  mineralogical  writers,  h  im- 
pedes the  action  of  acids;  and  should  be  separated,  either 
by  roasting  the  ore  on  a  muffle,  or  by  projecting  it,  mijted 
with  twice  or  thrice  iis  weight  of  nitre,  into  a  red- 
hot  crucible,  washing  off  the  alkali  afterwards  by  hot 
water. 

It  is  hardly  possible  to  employ  a  solvent,  capable  of 
L  tpking  up  all  the  nicuU.  Thus,  the  niitic  acid  does  not 
L  act  on  gold  or  platina ;  and  the  tutro-muriatic,  which  dla- 
L  lolves  these  metals,  has  no  solvent  action  on  silver.  It 
r  will  be  necessary,  therefore,  to  vary  the  solvent  accordiog 
I  Id  Che  nature  of  the  ore  under  examination. 

.  For  01  es  of  gold  and  platina,  the  latro-munz'dcac'xA  is 
'  the  most  proper  solvent.     A  given  weight  of  the  ore  may 
'  be  digested  with  this  acid,  as  long  as  it  extracts  any  thing. 
I    The  solution  may  be  evaporated  to  dryness,  in  order  to 
expel  the  excess  of  acid,  and  ilissotved  in  water.    Tlie  ad- 
dition of  a  solution  of  tin  and  muriatic  acid  will  ahew  the 
L  nresence  of  gold  by  a  purple  precipitate  ;  and  platina  will 
Y'%B  indicated  by  a  precipitate,  on  adding  a  solution  of  mu- 
t  -liate  of  ammonia.     When  gold  and  platina  are  both  cod- 
I  tuned  in  the  same  solution,  they  may  be  separated  froni 
,  .each  other  by  the  last- mentioned  solution,  which  throws 
down  the  platina  but  not  the  gold.     In  this  way  platina 
-may  be  detached,  also,  from  other  metals. 

When  gold  is  contained  in  a  solution,  along  with  seve- 
ral other  metals,  it  may  be  separated  from  most  of  them 
by  adding  a  dilute  solution  of  sulphate  of  iron.  The  only 
metals,  which  this  salt  precipitates,  are  gold,  palladium, 
ailver,  and  mercury. 

.  2.  For  extracting  si/ver  from  its  ores,  the  nitric  acid  is 
I  t&e  most  proper  solvent.  Nitric  acid,  however,  does  not 
on  horn-silver  ore,  which  must  be  decomposed  by 
carbonate  of  soda.  The  silver  may  be  precipitated  from 
nitric  acid  by  muriate  of  soda  (common  salt.)  Eveiy 
hundred  parts  of  the  precipitate  contains  75  of  silver. 
But,  as  lead  may  be  present  in  the  solution,  and  (his  metal 
is  also  precipitated  by  muriate  of  soda,  it  may  be  proper 
to  immerse  in  the  solution  (which  should  not  have  any 
excess  of  acid)  a  polished  plate  of  copper.  This  will  pre- 
cipitate the  silver,  if  present,  in  a  metallic  form.     The 
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muriate  of  silver  is  also  soluble  in  liquid  ammonia,  which 
that  of  lead  is  not.  For  examples  of  the  analysts  of  silver 
ores,  the  reader  may  consult  Klaproth,  I.  p.  554,  Sic. 

3.  Copper  ores  may  be  analyzed  by  boiling  them  with 
five  times  their  weight  of  concentrated  sulphuric  acid,  till 
a  dry  mass  is  obtained,  from  which  water  will  extract  the 
sulphate  of  copper.  This  salt  is  to  be  decomposed  1  _ 
polished  plate  of  iron,  immersed  in  a  dilute  solution  of  it. 
The  copper  will  be  precipitated  in  a  metallic  state,  and 
may  be  scraped  off  and  weighed. 

If  silver  be  suspected  along  with  copper,  nitrous  acid 
must  be  employed  as  the  solvent ;  and  a  plate  of  polished 
copper  will  detect  the  silver. 

The  reader,  who  engages  in  the  analysis  of  copper  ores, 
will  derive  much  advantage  from  the  examples  to  be  found 
in  Kbproth'  Essays,  Vol.  I.  p.  S4,  541,  Stc. ;  and  also  from 
Mr.  Chenevix's  paper  on  the  analysis  of  arseniates  of  cop- 
per and  iron,  Plul.  Trans.  1801 ;  Nicholson's  Journal,  Svo. 
vol.  I. ;  or  Phil.  Mag. 

4.  Iron  ores  may  be  dissolved  in  dilute  muriatic  acid,  or, 
if  the  metal  be  too  highly  oxydized  to  be  dissolved  by 
this  acid,  they  must  be  previously  mixed  with  one<ighth 
of  their  weight  of  powdered  charcoal,  and  calcined  in  a 
crucible  for  one  hour.     The  iron  is  thus  rendered  soluble. 

The  solution  must  then  be  diluted  with  10  or  12  umes 
its  quantit)-  of  water,  previously  well  boiled,  to  expel  the 
air,  and  must  be  preserved  in  a  well-stopped  glass  bottle 
^  for  six  or  eight  days.  The  phosphate  of  iron  will,  within 
that  time,  be  precipitated,  if  any  be  present,  and  the  li- 
quor  must  be  decanted  off. 

The  solution  may  contain  the  oxides  of  iron,  manga- 
nese, and  zinc.  It  may  be  precipitated  by  carbonate  ol 
soda,  which  will  separate  them  aU.  The  oxide  of  zinc 
will  be  taken  up  by  a  solution  of  pure  ammonia  ;  distilled 
vinegar  will  take  up  the  manganese,  and  will  lca^'e  the 
oxide  of  iron.  From  the  weight  of  this,  after  ignition, 
during  a  quarter  of  an  hour,  28  per  cent,  may  be  deducted. 
The  remainder  shows  the  quantity  of  iron. 

5.  Tin  ores.  To  that  most  accomplished  analyst,  Kla- 
proth, we  owe  the  discovery  of  a  simple  and  effectual  mode 
of  analyzing  tin  ores  in  the  humid  way. 

Boil   100  grains,  in  a  silver  vessel,  widi  a  solution  of 
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600  grains  of  pure  poiaah.  Evaporaie  to  dryness,  iind 
then  ignite,  moderaii-ly,  tor  hall'  an  hour.  Add  boiling 
water,  and,  it  any  portion  remain  undissolved,  let  it  u 
dergo  a  similar  irentment. 

Sitlurate  the  alkaline  soluiinn  with  muriatic  acid,  whid 
will  throw  dowa  an  oxide  ol  tin.  Let  this  be  rediaaoln 
by  an  excess  of  muriatic  acid  ;  again  precipitated  by  c 
bouMte  of  soda  j  and,  being  dritd  and  weighed,  letU,4 
ter  lixiviation,  be  once  mort  dissolved  in  muriatic  i 
The  insoluble  part  consists  ot  silex.  Inio  the  colourli 
solution,  diluted  with  two  or  three  pans  ol  water,  put  ^ 
stick  of  zinc,  round  which  the  reduced  tin  will  ct>lkq 
Scrape  off  the  deposit,  wash,  dry,  and  luse  it  under  a  d 
of  t;illow  in  a  capsule  placed  on  charcoal.  A  button  t 
pure  metallic  tin  will  remain  ai  the  bottom,  the  weight  ii 
which,  deducted  from  that  of  the  ore,  indicates  the  p 
portion  of  oxygen. 

The  presence  of  tin  in  an  nrc  is  indicated  by  a  purf 
precipitate,  on    mixing  its  solution  in  muriatic  acid  wil| 
oni:  of  gold  in  nitro*muriatic  acid. 

6.  Lctuiorcx  may  be  analyzed  by  solution  in  nitric  a 
diluted  with  an  equal  weight  of  water.     The  sulphui 
any,  will  remain  undissoh'cd.     Let  the  solution  be  p 
pitaled  by  carbonate  of  sodn.     It  any  silver  be  present,  il 
will  be  taken  up  by  pure  liquid  ammonia.     Wx^  off  the  J 
excess  of  ammonia  hy  distilled  water;  and  add   i 
traird,  sulphuric  acid,  applying  heat,  so  that  the  muria 
acid  may    be  wholly  expelled.     Weigh   the    sulphat 
lead,  and,    after    deducting  70  per   cent,  the  remaiot 
shows  the  quantity  of  lead. 

Muriate  of  lead  may  also  be  separated  from  muriate  o^l 
silver  by  its  greater  solubility  in  warm  waitr.     From  ths-ff 
solution,  iron  may  be  separated  by  pru^siate  of  potash,  and 
the  solution  decomposed  by  sulphuric  acid. 

7.  Mercury  may  be  delectf  d  in  oris  that  arc  supposed 
to  contain  it,  by  distillation  in  an  earthen  retort  with  half 
their  weight  of  iron  filings  or  hme.  The  mercur)',  if  au)[ 
be  present,  will  rise  and  be  condensed  in  the  receiver. 

8.  On-s  of  zinc  may  be  digested  with  the  nitric  acid,  i 
the  part  that  is  dissolved  boded  to  dryness,  again  dissolvei 
in  die  acid,  and  again  evaporated.     By  this  means  t' 
iron,  if  any  be  present,  will  be  rendered  insoluble  in  ^ 
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lute  nitric  acid,  which  will  take  up  the  oxide  of  zinc.  To 
this  solution  add  pure  liquid  ammonia,  in  excess,  which 
will  separate  the  lead  and  iron,  if  any  should  have  been 
dissolved ;  and  the  excess  of  alkali  will  retain  the  oxide 
of  zinc.   This  may  be  separated  by  the  addition  of  an  acid. 

9.  Aniimomal  ores.  Dissolve  a  given  weight,  in  three  or 
four  parts  of  muriatic  and  one  of  nitric  acid.  This  will 
t^ke  up  the  antimony,  and  leave  the  sulphur,  if  any.  On 
dilution  with  water,  the  oxide  of  anUmony  is  precipitated^ 
and  the  iron  and  mercur}'  remain  dissolved.  Lead  may 
be  detected  by  sulphuric  acid.  See  Klaproth  on  the  Ana- 
lysis of  Antimoniated  Silver  Ore,  I.  p.  560. 

10.  Ores  of  arsenic  may  be  digested  with  nitro-muriatic 
acid,  composed  of  one  part  nitric,  and  CMie  and  a  half  or 
two  of  muriatic  acids.  Evaporate  the  solution  to  one 
fourth,  and  add  water,  .which  will  precipitate  the  arsenic. 
The  iron  may  afterwards  be  separated  by  ammonia.  See 
Chenevix,  PhiL  Trans.  1801,  p.  215. 

11.  Ores  of  bismuth  are  abo  assayed  by  digestion  in  ni- 
tric acid  moderately  diluted.  The  addition  of  water  pre- 
cipitates the  oxide,  and,  if  not  wholly  separated  at  first, 
evaporate  the  solution  ;  after  which,  a  farther  addition  of 
water  will  precipitate  the  remainder.  See  Analysis  of  an 
Ore  of  Bismuth  and  Silver,  in  Klaproth,  I.  p.  55^  Mode 
of  detecting  a  small  Quantity  of  Silver  in  Bismuth,  ditto, 
p,  220.  c. 

12.  Ores  of  cobalt  may  be  dissolved  in  nitro-muriatic 
acid.  Then  add  carbonate  of  potash,  which,  at  first,  se- 
parates iron  and  arsenic.  Filter,  and  add  a  farther  quan* 
tity  of  the  carbonate,  when  a  greyish-red  precipitate  will 
fall  down,  which  is  oxide  of  co^t.  The  iron  and  arsenic 
may  be  separated  by  heat,  which  volatilizes  the  arsenic. 
Cobalt  is  aUo  ascertained,  if  the  solution  of  an  ore  in  mu- 
riauc  acid  give  a  sympathetic  ink.  See  Chap.  xix.  Sect. 
1 8.  An  example  of  the  analysis  of  an  ore  of  cobalt  may 
be  seen  in  Klaproth,  I.  p.  564 ;  and  of  sulphate  of  cobalt, 
p.  579. 

13.  Ores  of  nkkeL  Dissolve  them  in  nitric  acid,  and 
add  to  the  soludon  pure  ammonia,  in  such  proportion 
that  the  alkali  may  be  considerably  in  excess.  This  will 
precipitate  other  metals,  and  will  retain  the  oxide  of  nick- 
el in  solution,  which  may  be  obtained  by  evaporation  to 
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tliyneEs,  and  heating  the  dry  mass  till  the  nitrate  of  am- 
moaia  has  sublimed. 

14.  Ores  of  manganese.  The  earths,  and  several  of  tbit  J 
metals,  contained  in  these  ores,  may  first  be  separated  b 
diluted  nitric  acid,  which  does  not  act  on  highly  o  _  "^ 
zed  manganese.  The  ore  may  afterward  be  digested  n 
strong  muriatic  acid,  which  will  take  up  the  oxide  4  _ 
mapganese.  Oxygenized  muriatic  acid  will  arise,  if  | 
gentle  heat  be  applied,  and  may  be  known  by  its  pedt^ 
liar  smell,  and  by  its  discharging  the  colour  of  wet  lir> 
mu3  paper  exposed  to  the  fumes.  From  muriatic  acid 
the  manganese  is  precipitated  by  carbonate  of  soda,  in 
the  form  of  a  white  oxide,  which  becomes  black  when 
heated  in  a  crucible.  Ores,  suspected  to  contain  manga- 
nese, may  also  be  distilled  per  se,  or  with  sulphuric  acid, 
when  oxygen  gas  will  be  obtained.  Oxide  of  msngs 
may  be  separated  from  oxide  of  iron  by  solution  of 
potash,  which  takes  up  the  former  but  not  the  latter, 
the  analysis  of  an  ore  of  manganese,  vid  hvmida,  itt 
Klaproth,  I.  p.  510  ;  and  of  a  cobaltic  ore  of  c 
p.  569. 

Ores  of  manganese  may  also  be  distinguished  by  1 
colour  they  impart  to  borax,  when  exposed  together  tS 
the  blow-pipe.     See  Chap,  xviii.  Sect.  19. 

15.  Oren  of  uranium.  These  may  be  dissolved  in  di- 
lute nitric  acid,  which  takes  up  the  uranitic  oxide,  and 
leaves  that  of  iron;  or  in  dilute 'sulphuric  acid,  which 
makes  the  same  election  ;  or,  if  any  iron  has  got  into  the 
solution,  it  may  be  precipitated  by  zinc.  Then  add  caus- 
tic potash,  which  throws  down  the  oxide  of  zinc  and 
uranium.  The  former  may  be  separated  by  digestion  in 
pure  ammonia,  which  leaves,  undissolved,  the  oxide  of 
uranium.  This,  when  dissolved  by  dilute  sulphuric  acid, 
affords,  on  evaporation,  crystals  of  a  lemon-j-ellow  co- 
lour. 

If  copper  be  present,  it  will  be  dissolved,  along  with 
the  zinc,  by  the  ammonia.  If  lead,  it  will  form,  with  sul- 
phuric acid,  a  salt  much  less  soluble  than  the  sulphate  of 
uranium,  and  which,  on  evaporation,  will  therefore  sepa- 
rate first. 

16.  OresoJ  tungsten.  Forthesethe  most  proper  treatment 
seems  to  be  digestion  in  nitro-muriatic  acid,  which  takes 
up  the  earths  and  other  metals.     The  tungsten  remains 
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in  the  form  of  a  jrettow  oxide,  disdnguishable,  b^  its  be* 
coming  white  on  the  addition  of  liquid  ammonia,  from 
the  oxide  of  uiamum.  To  reduce  this  oxide  to  tung- 
sten, mix  it  with  an  equal  weight  of  dried  blood,  heat  the 
mixture  to  rednesa,  press  it  into  another  crucible,  which 
should  be  nearly  full,  and  apply  a  violent  heat  for  an  hour 
at  lent. 

17.  OrtB  of  Mobfhderuu  Repeated  distillation  to  dry* 
ncss,  with  mtric  acid,  converts  the  oxide  into  an  acid^ 
which  is  insoluble  in  nitric  acid,  and  may  be  thus  sepa* 
rated  from  other  metab,  except  iron,  from  which  it  may 
be  dissolved  by  sulphuric  or  muriatic  acids.  The  solution 
in  sulnhuric  aud  is  blue,  when  cold,  but  colourless,  when 
heatecL  That  in  muriatic  acid  is  only  blue  when  the 
add  is  heated  and  concentrated.  (See  Hatchett's  Analy- 
sis of  the  Carinthian  Molybdate  of  Lead,  PhiL  Trans* 
1796 ;  and  KJaproth,  voL  L  p.  534,  538.) 

Respecting  tne  ores  of  the  remaining  metals,  suffident 
information  has  been  already  given  for  the  purposes  of 
the  general  student,  in  Part  i.  Chap.  18.  of  this  work; 
and  they  are  of  such  rare  occurrence,  that  it  is  unneces^ 
sary  to  describe  them  more  in  detaiL  It  may  be  proper, 
however,  to  state  where  the  best  examples  of  the 
of  eachmay  be  found. 

18.  Ores  oftitamnu  Consult  Gregor  in  yourru  de  Phy* 
Mue^  xxxix.  72.  152^  Klaproth,  L  496 ;  and  Cbenevix, 
Tsvhm  Joum.  V.  132. 

19.  Orea  of  tellurium.    See  Klaprotii,  II.  1. 
SO.  Ores  of  taniaSum.    Jim.  de  Chim.  xlui.  376. 

91.  Ores  of  chromium.    Vauquelm,  Ann,  de  CAim.  xxv. 

22.  Ores  of  cohmbium.     Hatchett,  PhiL  Trans.  1802. 

23.  Ores  of  palladium  and  rhodium.  Wdbston,  Phil* 
Trans.  1805. 

94.  Ores  of  iridium  and  osmium.  Tennant,  Phil.  Trans: 
1804. 

25.  Oresofceriunu  Hisenger  and  Berzelius,  and  Vau- 
queUn,  Nich«  Joum.  Jiu 
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Analysis  of  Ores  in  the  dry  IVay. 

To  analyze  ores  in  the  tlrjway,  a  method  which  B 
the  mosl  satisfactory  evidence  of  their  compositio 
should  always  precede  the  working  of  large  and  t 
Bive  strata,  a  more  complicaii-d  apparatus  is  requin 
Ad  assaying  furnace,  with  muffles,  crucibles,  8ie.  i 
solutely  necessarj'.  These  have  already  been  enuner 
in  the  chapter  on  Apparatus,  and  will  be  again  descri 
in  the  Esptanatioii  of  the  Platrs. 

The  reduction  of  an  ore  recjuires,  frequently,  previo 
ly  roasting,  to  expel  the  sulphur  and  othtr  volatile  i 
dients :  or  this  may  be  effleltd,  by  mixing  the  powdcl 
ore  widi  nitre,  and  projecting  the  mixture  into  a  cruci&l 
The  sulphate  of  potash,  thus  lormed,  mav  be  tvasb] 
off,  and  the  oxide  must  be  reserved  for  subsequent  e 
rimetits. 

As  many  of  the  metals  retain  their  oxygen  so  forcSi 
that  the ,  application  of  heat  is  incapable  of  expellirgj 
the  addition  of  inflammable  matter  beinmcs  expedient. 
And,  to  enable  the  reduced  particles  of  metal  (o  agglu- 
tinate and  form  a  collected  mass,  instead  of  scatti-red 
grains,  which  would  otherwise  happen,  some  fusible  J 
gredient  must  be  added,  through  which,  wher  ' 
the  reduced  metal  may  descend,  and  be  collected  at  fl 
liottom  of  the  crucible.  Subsuncea  that  answer  1 
tht.se  pur|X)ses  are  called_y?t«*ei.  The  alkaline  and  catthy 
part  of  fluxes  nerve  also  another  end,  viz.  that  of  combrn- 
ing  with  any  acid  which  may  be  attached  to  a  metal,  sod 
which  would  prevent  its  reduction  if  not  sepanted. 

The  ores  of  different  metals,  and  different  ores  of  1 
same  metal,  require  different  fluxes.     To  offer  rules,  h  " 
ever,  for  each  individual   case,  would  occupy  too  mtll 
room  in  this  work :  I  shall,  therefore,  ouK  state  a  few  of 
those  fluxes  that  are  most  generally  applicable. 

The  lilacijliix  is  formed,  by  setting  fire  to  a  mixture  of 
one  part  of  nitrate  of  potash,  and  two  of  acidulous  i 
of  potash  i  which  affords  an  intimate  mixl 
l)onate  of  potash,  with  a  fine  light  coal.     White  J 
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obtained  by  projecting  into  a  red-hot  crucible,  equal  parts 
of  the  same  salts.  Two  parts  of  muriate  of  soda,  pre- 
viously dried  in  a  crucible,  one  part  of  dry  and  powdered 
lime,  one  part  of  fluate  of  lime,  and  half  a  part  of  char- 
coal; or  four  hundred  parts  of  calcined  borax,  forty  of 
lime,  and  fifty  of  charcoal ;  or,  two  parts  of  pounded  and 
finely  sifted  glass,  one  of  bcn-ax,  and  half  a  part  of  char- 
coal, are  all  well  adapted  to  the  purpose  of  fluxes.  The 
ore,  after  being  roasted,  if  necessary,  is  to  be  well  mixed 
with  three  or  four  times  its  weight  of  the  flux,  and  put 
into  a  crucible,  with  a  litde  powdered  charcoal  over  the 
surface.  A  cover  must  be  luted  on,  and  the  crucible  ex- 
posed to  the  necessary  heat  in  a  wind-furnace.  Ores  of 
iron,  as  being  diflicultly  reduced,  reqiure  a  very  intense 
fire.  Those  of  silver  and  lead  are  metallized  by  a  lower 
heat.  The  metal  is  found  at  the  bottom  of  the  crucible  in 
the  form  of  a  round  button. 

The  volatile  metals,  as  mercur}^,  zinc,  arsenic,  telluri- 
um, and  osmium,  it  is  obvious,  ought  not  to  be  treated 
in  the  above  manner,  and  require  to  be  distilled  with  ixv- 
flammable  matters  in  an  earthen  retort. 

For  minute  instructions  respecting  the  analysis  of  every 
species  of  ore,  both  in  the  humid  aiid  dry  ways,  I  refer 
to  the  second  volume  of  Mr.  Kirwan's  Mineralogy  ;  and, 
for  various  excellent  examples,  to  the  essays  of  Vauque- 
lin,  in  the  AAnaka  de  Chimle ;  to  those  of  Mr.  Hatchett 
and  Mr.  Chenevix,  in  the  Philosophical  Transactions;  of 
Dr.  Kennedy,  in  Nicholson's  Journal ;  and  of  Mr.  Kla- 
proth,  in  the  work  already  frequendy  referred  to.  It  is 
only,  indeed,  by  an  attention  to  these,  and  a  few  other 
models  of  chemical  skill  and  accuracy,  conjoined  with 
the  practical  imitation  of  them,  that  facility,  or  certain- 
ty^  in  the  art  of  analyzing  minerals,  can  be  acquired: 
And  though  general  rules  are,  in  this  instance,  of  consi- 
derable utility,  it  is  impossible  to  firame  any  that  can  be 
adapted  to  the  infinite  variet)'  which  nature  presents  in  the 
productions  of  the  mineral  kingdom. 
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METHOD   OF    DETECTING   POISOKS. 


When  sudden  death  Is  suspected  to  have  been  < 
siuiied  b>'  the  administration  of  poiaan,  either  wi 
by  accident,  the  testimony  of  the  physician  is  c 
ally  required  to  confirm  or  invalidate  this  suspicion. 
may  also  be  sometimes  called  upon  to  ascertam  the  c 
of  the  noxious  effects  arising  from  the  presence  of  p 
sonous  substances  in  articles  of  diet ;  and  it  may  ' ' 
fore  serve  an  important  purpose,  to  point  out  condse 
the  simplest  and  most  practicable  modes  of  obt^ning;,  F 
experiment,  the  necessary  information. 

The  only  poisons,  however,  that  can  be  clearly  and  d 
cisively  detected  by  chemii:al  means,  are  those  of  the  n 
neral  kingdom.     Arsenic,  and  corrosive  sublimate,* 
most  likely  to  be  exhibited  with  the  view  of  produt    _ 
death  ;  and  lead  and  copper  may  be    introduced    unde- 
signedly, in  several  \vays,  into  our  food  and  drink.     The 
continued  operation  of  the  two  last  may  often,  uneuspec- 

*  I  use  ihe  term  atKnk,  initcid  of  the  more  proptr  one,  arwnaui  aciiti 
luid  corrosive  lubUtnate,  fen-  muriict  ot  1000117 ;  bicauM  tlw  fbraier  tcmu 
'le  more  gcucnllf  undcntood. 
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ted,  produce  effects  less  sudden  and  violent,  but  not  less 
baneful  to  health  and  life,  than  the  more  active  poisons ; 
and  their  operation  generally  involves,  in  the  pernicious 
consequences,  a  greater  number  of  sufferers. 


SECT.  I. 

Method  of  discovering  Arsenic, 

When  the  cause  of  sudden  death  is  beUeved,  from  the 
83anptoms  preceding  it,  to  be  the  administradon  of  arse- 
nic, the  contents  of  the  stomach  must  be  attentively  ex- 
amined. To  effect  this,  let  a  li^ture  be  made  at  each 
orifice,  the  stomach  removed  entirely  from  the  body,  and 
its  whole  contents  washed  out  into  an  earthen  or  glass 
vesseL  The  arsenic,  on  account  of  its  greater  specific 
gravity,  will  settle  to  the  bottom,  and  may  be  obtained 
separate  by  washing  off  the  other  substances,  by  repeat- 
ed affusions  of  cold  water.  These  washings  should  not  be 
thrown  away  till  the  presence  of  arsenic  has  been  clearly 
ascertained.  It  may  be  expected  at  the  bottom  of  the 
vessel  in  the  form  ef  a  white  powder,  which  must  be 
carefully  collected,  dried  on  a  filter,  and  submitted  to  ex- 
periment. 

(A.)  Boil  a  small  portion  of  the  powder  with  a  few 
ounces  of  distilled  water,  in  a  dean  Florence  flask,  and 
filter  the  soludon. 

TB.)  To  this  solution  add  a  portion  of  water,  saturated 
with  sulphuretted  hydrogen  gas.  If  arsenic  be  present, 
a  golden-yellow  sediment  wm  &11  down,  which  will  ap- 
pear sooner,  if  a  few  drops  of  acetic  acid  be  added. 

(C.)  A  similar  effect  is  produced  by  the  adcUuon  of 
sulphuret  of  ammonia. 

(D.)  To'  a  Uttle  of  the  solution  (A.),  add  a  single  drop 
of  a  weak  soludon  of  carbonate  of  potash,  and  afterward 
a  few  drops  of  a  solution  of  sulphate  of  copper.  The 
presence  of  arsenic  will  be  manifested  by  a  yellowish- 
green  precipitate ;  or  boil  a  portion  of  the  suspected 
powder  with  a  dilute  solution  of  pure  potash,  and  with 
this  precipitate  the  sulphate  of  copper,  when  a  similar 
appearance  will  ensue  still  more  remarkably,  if  arsenic  be 
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present.  The  colour  of  this  precipitate  is  perfectly  clia« 
rattcriatic.  It  is  that  of  the  pigmcni  called  Schcele's 
green.  (See  chap,  xviii.  Sect.  17.)  To  idemifylhe  arse- 
nic with  still  greater  certainty,  it  may  be  proper,  at  the 
time  of  making  the  experiments  on  a  suspected  sub- 
stance, to  perioral  simitar  ones,  as  a  standard  of  compa' 
rison,  on  what  is  actually  known  to  be  arsenic.  Let  the 
colour,  therefore,  produced  by  adding  an  alkaline  solu> 
tion  of  the  sul>stuDce  under  examination,  to  a  solutii 
of  sulphate  of  copper,  be  compared  with  that  obtaioi 
by  a  similar  t^dmixture  of  a  solution  of  copper  with  oi 
of  real  arsenic  in  alkaU. 

(E.)  The  sediments,  produced  by  any  of  the  foregoii 
experiments,  may   be  collected,  dried,  and  laid 
hot  charcoal.     A  smell  of  sulphur  will  first  arise,  and  WJ 
be  followed  by  that  of  garlic. 

(F.)  But  the  roost  decisive  mode  of  determining 
presence  of  arsenic,  is  by  reducing  it  to  a  metallic  s 
in  which  its  characters  are  clcai"  and  unequivocal.  F< 
this  purpose,  let  a  portion  of  the  white  sediment,  col- 
lected from  the  contents  of  the  stomach,  be.  mixed  with 
three  times  its  weight  of  black  flux  (see  page  244.)  j  or 
if  this  cannot  be  procured,  with  two  parts  of  very  drj' 
carbonate  of  potash  (the  salt  of  tartar  of  the  shops,)  and 
one  of  powderid  eh:utoal.  Procure  a  lube  eight  or  nine 
inches  long,  and  onc-sixih  of  an  inch  in  diameter,  of  thin 
glass,  sealed  hermetically  at  one  end.  Coat  the  closed 
end  with  da;-,  for  about  an  inch,  and  let  the  coating  dry. 
Then  put  into  the  tulje  the  mixture  of  the  powder  and 
its  flux,  and  if  any  should  adhere  to  the  inner  surface,  let 
it  be  wiped  off  by  a  feather,  so  that  the  inner  surfiice 
the  upper  part  of  the  tube  may  be  quite  clean  and  dry. 
Stop  the  end  of  the  tube  loosely,  with  a  litde  paper,  and' 
heat  the  coated  end  onU,  on  a  chafing-dish  of  red-hol 
coals,  taking  care  to  avoid  breathing  the  fumes.  The 
arsenic,  if  present,  will  rise  to  the  upper  pan  of  the  tube, 
on  the  inner  surface  of  wliich  it  will  form  a  thin  brilliant 
coating.  Break  the  tube,  and  scrape  off  the  reduced  me- 
tal. Lay  a  little  on  a  heated  iron,  when,  if  it  be  arsenic, 
a  dense  smoke  wilt  arise,  and  a  strong  smell  of  garlic  will 
be  perceived.  The  arsenic  may  be  farther  identified,  by 
putting  a  small  quantity  between  two  polished  plates  M 
copper,  surrounding  it  by  powdered  charcoal,  X/f 
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its  escape,  binding  diese  tightly  together  by  iron  wire, 
and  exposing  them  to  'a  low  red  heat.  If  the  included 
substance  be  arsenic,  a  white  stain  will  be  left  on  the  cop- 
per* 

(G.)  It  may  be  proper  to  observe,  that  neither  the  stain 
on  copper,  nor  the  odour  of  garlic,  is  produced  by  the 
white  ojdde  of  arsenic,  when  heated  without  the  addition 
of  some  inflammable  ingredient.  The  absence  of  arsenic 
must  not  therefore  be  imerred,  if  no  smell  is  occasioned 
by  laying  the  white  powder  on  a  heated  iron. 

The  Ufte  celebrated  Dr.  Black  ascertsuned,  that  all  the 
necessary  experiments,  for  the  detection  of  arsenic,  may 
be  made  on  a  single  grain  of  the  White  oxide ;  this  small 
quantity  having  produced,  when  heated  in  a  tube  with  its 
proper  flux,  as  much  of  die  metal  as  clearly  estabUshed 
its  presence. 

If  the  quantity  of  arsenic  in  the  stomach  'Should  be  so 
small,  which  is  not  ver)^  probable,  as  to  occasion  death, 
and  yet  to  remain  suspended  in  die  washings,  the  whole 
contents,  and  the  water  empbyed  to  wash  them,  must  be 
filtered,  and  die  dear  liquor  assayed  for  arsenic  by  the 
tests  (B.)  (C.)  (D.)  and  (E.) 


SECT.  II. 

Discovery  of  Corrosive  Sublimate* 

Corrosive  sublimate  (the  muriate  of  mercury,)  next  to 
arsenic,  is  the  most  virulent  of  the  metallic  poisons.  It 
may  be  collected  by  treating  the  contents  of  the  stomach 
in  the  manner  already  described ;  but  as  it  is  more  so- 
luble than  arsenic,  viz.  in  about  19  times  its  weight  of 
water,  no  more  water  must  be  employed  than  is  barely 
sufficient,  and  the  washings  must  be  carefully  preserved 
for  examination. 

If  a  powder  should  be  collected,  by  this  operation, 
which  proves,  on  examination,  not  to  be  arsenic,  it  may 
be  kno¥^  to  be  corrosive  sublimate  by  the  following  cha- 
racters. 

(A.)  Expose  a  small  quantity  of  it,  widiout  any  admix- 
ture, to  heat,  in  a  coated  glass  tube,  as  direa^  in  the 
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treatment  of  arstnic.  Corrosive  sublimate  will  be  ascer- 
tained  by  its  rising  to  the  top  of  the  tube,  lining  the  in- 
ner surface  in  the  Ibrm  of  a  shining  white  crust. 

(B.)  Dissolve  another  portion  in  distilktl  water;  and 
it  may  be  proper  to  observe  how  much  of  the  salt  the  wa- 
ter is  capable  of  taking  up. 

(C.)  To  the  watery  solution  add  a  Utile  lime-water. 
A  precipitate  of  an  orange-yellow  colour  will  instandy 
appear. 

(D.)  To  another  portion  of  the  solution  add  a  single 
drop  of  a  dilute  soluuon  of  carbonate  of  potash  (salt  of 
tartar).  A  white  precipitate  will  ap[K-ar ;  but,  on  a  still 
farther  addition  of  alkali,  an  orange- coloured  sediment 
will  be  formed. 

(E.)  The  carbonate  of  soda  has  similar  effects. 

(F.)  Sulphuretted  water  tlirows  down  a  dark-coloured 
sediment,  which,  when  dried  and  strongly  heated,  is  whol- 
ly volatilized,  wiihout  any  odour  of  garlic. 

The  only  mineral  poison  of  great  virulence  that  has 
not  been  mentioned,  and  which,  from  its  being  little 
known  to  act  as  such,  it  is  very  improbable  we  should 
meet  with,  is  the  carbonate  of  barytes.  This,  in  the 
country  where  it  is  found,  is  employed  as  a  poison  for 
rats,  and  there  can  be  no  doubt  would  be  equally  destruc- 
tive to  human  life.  It  may  be  discovered  by  dissolving 
it  in  muriatic  acid,  and  by  the  insctubility  of  the  preci- 
pitate which  this  solution  yields  on  addinc  sulphuric  acid, 
or  sulphate  of  aoda.  Barytic  salts,  if  these  have  been 
the  means  of  poison,  will  be  contained  in  the  water  era- 
ployed  to  wash  the  contents  of  the  stomach,  and  will 
be  detected,  on  adding  sulphuric  acid,  by  a  copious  pre- 
cipitate. 


jMcthid  of  detecting  Copper 


rLead. 


Copper  and  lead  sometimes  gain  admission  into  artici 
of  food,  in   consequence  of  the  employment  of  kitchen 
utcnsib  of  these  materials. 

f  C0PF£R  be  suspected  in  any  Uquor, 
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will,  be  ascertained  by  adding  a  solution  of  pure  ammo- 
nia which  will  strike  a  beautiful  blue  colour.  If  the  so* 
lution  be  yeiy  dilute^  it  may  be  concentrated  by  evapo* 
ration  ;  and  il  the  liquor  contain  a  considerable  excess 
d  acid,  tike  thaf  used  to  preserve  pickles,  as  much  of  the 
alkaU  must  be  added  as  ie  more  than  sufficient  to  saturate 
the  add. 

IL  Lead  is  occasionally  found,  ia  sufficient  quantity 
to  be  injurious  to  health,  in  water  that  has  been  kept  in 
leaden  vesseb,  and  sometimes  even  in  pump-water,  in 
consequence  of  this  mets^  being  used  in  the  construe* 
tion  oi  the  pump.  Acetate  of  lead  has  also  been  known 
to  bp  fraudulentty  added  to  bad  wines,  with  the  view  of 
conceahng  their  defects. 

Lead  may  be  cUscovered  by  adding,  to  a  portion  of  the 
suspected  water,  about  half  its  bulk  of  water  impregna- 
ted with  sulphuretted  hydrogen  gas.  If  lead  be  prescfnt, 
it  will  be  manifested  by  a  dsurk-brown,  or  blackish  tinge. 
This  test  is  so  delicate,  that  water,  condensed  by  me 
leaden  worm  of  a  still-4ub,  is  sensibly  afiected  by  it.  It  is 
also  detected  by  a  similar  eSfect  ensuing  on  die  addition  of 
sulphuret  of  ammoma,  or  potadi. 

The  competency  of  this  method,  however,  to  the  dis* 
covery  of  very  minute  quantities  of  lead,  has  been  lately 
set  aside  by  die  experiments  of  Dr.  Lambe,^  the  author 
of  a  skilful  analysis  oE  the  springs  of  Lemington  Priors, 
near  Warwick.  By  new  methods  of  examination,  he  has 
detected  the  presence  of  lead  in  several  spring-waters, 
that  manifest  no  change  on  the  addition  of  the  sulphu- 
retted test ;  and  has  found  that  metal  in  the  precipitate, 
separated  from  such  waters  by  the  carbonate  of  potash  or 
of  soda.  In  operating  on  these  waters.  Dr.  Lambe  noticed 
the  following  appearances. 

(a)  The  test  forms  sometimes  a  dark  cloud,  with  the 
precipitate  affected  by  alkalies,  which  has  been  redissolved 
in  nitric  acid. 

(b)  Though  it  forms,  in  other  cases,  no  cloud,  the  pre- 
cipitate itself  becomes  darkened  by  the  sulphuretted  test. 

(c)  The  test  forms  a  white  cloud,  treated  with  the  pre- 
cipitate as  in  (a).     These  two  appearances  may  be  united. 

*  See  hii  **  Researches  into  the  Properties  of  Spring   Water/*    Svo. 
London.    Johnson.    X803. 
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(tf)  The  test  neither  forms  a  cloud,  nor  darkena  ihe  p 
dpitiitc. 

(e)  In  the  cases  (6),  (c,)  {(/,)  heat  the  precipitate,  in  con- 
tact with  an  alkaline  cari^oate,  to  redness  i  cUssolve  out 
the  carbonate  by  water;  and  treat  the    precipitate  as   in 
'Ihe  sulphuretted  test  then  forms  a  dark  cloud  with 

;  solution  of  the  precipitate.  Id  these  esperimenta,  it 
1  essential  that  the  acid,  used  to  redissolvc  ihc  precipi- 
tate, shall  Dot  be  in  excess ;  and  if  it  should  so  happen, 
that  excess  must  be  saturated  before  the  test  is  applied. 
It  is  better  to  use  so  little  acid,  that  some  of  the  predpi* 
tate  may  remain  undissolved.  « 

(/)  Instead  of  the  process  (')  the  precipitate  may  ^^B 
exposed  without  addition,  to  a  red  heat,  and  then  treatqJH 
as  in  (n).     In  this    case,  the  teat  will  detect  the  ntetalfii 
matter ;  but  with  less  certainty  than  the  foregoing  one. 
.    The  Ditric  acid,  used  in  these  experiments,  should  be 
perfectly  pure ;  and  the  test  should  be  recently  prepared, 
by  saturating  water  with  sulphuretted  hydrogen  gas. 

Another  mode  of  analysis,  employed  by  Dr.  Lambc, 
consists  in  precipitating  the  lead  bv  muriate  of  soda; 
but  as  muriate  of  lead  is  partly  soluble  in  water,  this  test 
cannot  be  applied  to  small  portions  of  suspected  w'aUrr- 
The  precipitate  must  be,  therefore,  collected  firom  two  or 
three  gallons,  and  heated  to  redness  with  twice  its  weight 
of  catenate  of  soda.  Dissolve  out  the  soda ;  add  nithc 
;icid,  saturating  any  superSuily ;  and  then  appl)  the  sul- 
phuretted test. 

The  third  process,  which  is  the  most  satisfactory  of  all, 
and  is  very  easy,  except  for  the  trouble  of  collecting  a 
large  quantity  of^  precipitate,  is  the  actual  reduction  of  the 
metal,  and  its  exlubidon  in  a  separate  form.  The  preci- 
pitate may  be  mixed  with  its  own  weight  of  alkaline  car- 
bonate, and  exposed  either  with  or  without  the  addition 
of  a  small  proportion  of*  cliarcoal,  to  a  heat  sufficient  to 
melt  the  alkali.  On  breaking  the  crucible,  a  small  glo- 
bule of  lead  will  be  found  reduced  ut  the  bottom.  The 
precipitate  from  about  dfty  gallons  of  water  yielded  Dr. 
L.  about  two  grains  of  lead. 

For  discovering  the  presence  of  lead  in  wines,  a  test, 
invented  by  Dr.  Hahnemann,  and  known  by  the  title  of 
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Hahnemann's  wine-test,  may  be  employed.  This  test 
is  prepared  by  putting  together,  into  a  small  phial,  six« 
leen  grains  of  snlphuret  of  Ume,  prepared  in  the  dry  way, 
and  20  grains  of  acidulous  tartrite  of  potash  (cream,  of 
tartar).  The  phial  is  to  be  filled  with  water,  well  corked, 
and  occasionally  shaken  for  the  space  of  ten  minutes. 
When  the  powder  has  subsided,  decant  the  dear  liquor, 
and  preserve  it,  in  a  well-stopped  botde,  for  use.  The 
liquor,  when  fresh  prepared,  discovers  lead  by  a  dark-co* 
loured  precipitate.  A  further  proof  of  the  presence  of 
lead  in  wines  is  the  occurrence  of  a  precipitate  on  adding; 
a  solution  of  the  sulphate  of  soda. 

The  quantity  of  lead,  which  has  been  detected  in  so^ 
phisticated  wine,  may  be  estimated  at  forty  grains  of  die 
metal  in  every  fifty  gsdlons.    (Lambe,  p.  1757) 

When  a  considerable  quantity  of  acetate  of  lead  hat 
been  taken  into  the  stomach,  (as  sometimes,  owing  to  its 
sweet  taste,  happens  to  children)  after  the  exhibition  of 
an  active  emetic,  the  hydro-sulphurate  of  potash  or  of 
ammonia  may  be  given ;  or  a  solution  of  the  common 
fiubhurct. 

In  cases  of  the  accidental  swallowing  of  sulphuric  acid, 
which  also  sometimes  happens  to  children,  M.  Fourcroy 
recommends  the  speedy  admimstration  ojf  a  solution  of 
soap,  or  a  miicture  of  carbonate  of  magnesia  or  carbonate 
of  lime  (common  chalk)  with  water.  (Syst^me,  Vol.  I. 
p.  240.) 
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RULEB    FOR    ASCKftTAItflNC    THE    PURITY    OF    CHBMieAL 
PREPARATIONS,     EMPLOYED    FOR    THR     PURPOSES     OP 
,   AND    FOR    OTHER    USES. 
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Salphurk  acid, — Aciifum   Vitrialiaim  of  the  Lot 
Pharmac!)paia,-~Oil  of  Vitriol. 


The  specific  gravity  of  sulphuric  acid  should  be  laso. 
It  should  remain  perfectly  transparent  when  diluted  with 
distilled  water.  If  a  sediment  occur,  on  dilution,  it  is 
a  proof  of  the  presence  of  sulphate  of  lead  or  of  lime. 

Iron  may  be  detected  in  sulphuric  acid,  by  saturating  a 
diluted  portion  of  it  with  pure  carbonate  of  soda,  and  add- 
ing prussiate  of  potash,  which  will  manifest  the  presence  of 
iron  by  a  Prussian  blue  precipitate ;  or  it  will  be  disco- 
vered by  a  purplish  or  blackish  tinge,  on  the  addition 
of  tincture  of  galls  to  a  similarly  saturated  portion.  Cop- 
per may  be  discovered,  by  pouring,  into  a  similarly  satu- 
rated solution,  pure  solution  of  ammonia ;  and  lead  may 
be  detected  by  the  aulphuret  of  ammonia.  The  latter 
metal,  however,  is  generally  precipitated,  on  dilution,  in 
combination  with  sulphuric  acid. 

Sulphate  of  potash  or  of  soda  may  be  found  by  saturat- 
ing the  diluted  acid  with  ammonia,  evaporating  to  dry- 
ness, and  applying  a  pretty  strong  heat.  The  sulphate 
of  ammonia  will  escape,  and  that  of  potash  or  of  soda 
will  remain,  and  may  be  distinguished  by  its  solubility 
and  other  characters.     See  chap.  xi.  sec.  4. 
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2.  i^i/ric  one/  Nitrmu  Acuky'^Acidum  Nttroium^  Pharm. 

Lond.^-^Aqua  fortis* 

The  nitric  acid  should  be  perfecdy  coloiuiess,  and  as 
limpid  as  water*  It  should  be  preserved  in  a  dark  place, 
to  jmvent  its  conversion  into  the  nitxx)us  kind. 

These  acids  are  most  likely  to  be  adulterated  with  sul- 
phuric and  muriatic  acids.  Ine  sulphuric  acid  may  be  dis- 
covered by  adding  to  a  portion  of  the  acid,  la^ly  cU- 
luted,  nitrated  or  muriated  barytes,  which  will  occasion, 
with  sulphuric  acid,  a  wlute  and  insoluble  precipitate. 
The  muriatic  acid  may  be  ascertained  by  mtrate  of  silver, 
which  aflfords  a  sediment,  at  first  white,  but  which  be- 
comes coloured  by  exposure  to  the  direct  lig^t  of  the 
sun.  Both  these  acids,  however,  may  be  present  at  once ; 
and,  in  this  case,  it  will  be  necessary  to  add  a  solution  of 
nitrate  of  barytes,  as  long  as  any  precipitate  &lls,  which 
wUl  separate  the  sulphuric  acid.  Let  the  sediment  sub- 
aide,  decant  the  clear  liquor,  and  add  the  nitrate  of  silver. 
If  a  precipitate  appear,  muriadc  acid  may  be  inferred  to 
.be  present  also.  Muriadc  acid  may,  also,  be  detected  by 
adcunga  solution  of  sulphate  of  silver. 

Tl&e  acids  sliould  have  the  specific  gravit}'  of  1550. 


Z»  Muriaiic  Actd^-^Jddum  Muriaticum^  P.  L. — Spirit 

of  SaU. 

This  add  generally  contains  iron,  which  may  be  known 
by  its  yellow  colour ;  the  pure  acid  being  perfectly  colour- 
less. It  may  also  be  detected  by  the  same  mode  as  was 
recommended  in  examining  sulphuric  acid. 

Sulphuric  acid  is  discoverable  by  a  precipitaUon,  on  add- 
ing^ to  a  portion  of  the  acid,  diluted  with  five  or  six  parts 
of  pure  water,  a  solution  of  the  muriate  of  barytes. 

The  specific  gravity  of  this  acid  should  be  at  least  1 1 70. 


Acelic   Acid, — Acidum   Acetosum,  P.  L. — Radical  i 
concentrated  Vinegar. 

This  acid  is  often  contaminated  by  sulphurous  and  sul- 
phuric acid.  The  first  may  be  known  by  drawing  a  Utile 
of  the  vapour  into  the  lungs,  when,  if  the  acid  be  pure, 
no  unpleasant  sensation  will  be  fdt ;  but,  if  sulphurous 
acid  be  contained  in  the  acetic,  it  will  not  fail  to  be  dis- 
covered in  this  mode.  The  sulphuric  acid  is  detected  by 
muriated  barj-tcs;  copper,  by  supersaturation  with  pure 
ammonia;  and  lead,  by  aulphurct  of  ammonia.  ■ 

The  specific  gravity  of  this  acid  should  be  lOGO  at  leal 
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5.  Acetous  Acid, — Acetum  Distitlattim,    P.  L Distilled 

Vinegar, 

If  vinegar  be  distilled  in  copper  vessels,  it  can  hardly 
foil  being  contaminated  by  that  metal;  and,  if  a  Icadett 
■worm  be  used  for  its  condensation,  some  portion  of  lead 
will  certainly  be  dissolved.  The  former  metal  will  appear 
on  adding  an  excess  of  solution  of  pure  ammonia;  and 
lead  will  be  detected  by  the  sulphuretted  ammonia,  or  by 
water  saturated  with  sulphuretted  hydrogen.  (See  the 
preceding  chapter.) 

It  is  not  unusual,  in  order  to  increase  the  acid  taste  of 
vinegar,  to  add  sulphuric  acid.  This  acid  may  be  imme- 
diately discovered  by  solutions  of  barytes,  which,  when 
vinegar  has  been  thus  adulterated,  throw  down  a  wl 
precipitate. 


6.  Boracic  Acid, — Sedative  Salt  of  Homberg. 


Genuine  horacic  acid  should  totally  dissolve  in 
times  its  weight  of  boiling  alcohol;  and  the  solution, 
when  set  on  fire,  should  emit  a  green  flame.  The  beat 
boracic  acid  forms  small  hexangular  scaly  crystals  of  a 
shining  silvery  white  colour.     Its  specific  gravity  i&  \. 
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This  acid  often  contains  sulphuric  acid  ;  to  discover 
which,  let  a  portion  be  dissolved  in  water,  and  a  solu- 
tion of  acetite  of  lead  be  added.  A  precipitate  will  ap- 
pear, which,  if  the  acid  be  pure,  is  entirely  redissolved  by 
a  few  drops  of  pure  nitric  acid,  or  by  a  little  pure  acedc 
acid.  If  any  portion  remain  undissolved,  sulphuric  acid 
is  the  cause.  Muriate  of  barytes,  also,  when  the  acid  is 
adulterated  with  sulphuric  acid,  but  not  otherwbe,  gives 
a  precipitate  insoluble  by  an  excess  of  muriatic  acid. 


8.  Acid  of  Amber. 

Acid  of  amber  is  adulterated,  sometimes  with  sulphuric 
acid  and  its  combinations  ;  sometimes  with  tartarous  acid ; 
and  at  others  with  muriate  of  ammonia. 

Sulphuric  acid  is  detected  by  solutions  of  barytes  f  tar- 
tarous acid  by  carbonate  of  potash,  which  forms  a  diffi- 
cultly-soluble tartrite ;  and  muriate  of  ammonia  by  nitrate 
of  silver,  which  discovers  the  acid,  and  by  a  solution  of 
pure  potash,  which  excites  a  strong  smell  of  ammonia. 

Pure  acid  of  amber  is  a  crystalline  white  salt  of  an  acid 
taste,  soluble  in  twenty-four  parts  of  cold  or  eight  of  hot 
^prater,  and  is  volatiUzed,  when  laid  on  red-hot  iron,  with- 
out leaving  any  ashes  or  other  residue. 


9.  Acid  of  Benzoin^ — Flares  BenzoeSy  P.  i. 

This  acid  is  not  very  liable  to  adulteration.  The  best 
has  a  brilliant  white  colour  and  a  peculiarly  grateful  smell. 
It  is  soluble  in  a  large  quantity  of  boiling  water  or  alco- 
hol, and  leaves  no  residue  when  placed  on  a  heated  iron. 

la  Sulhcarbonate  ofPotash^ — Kali  PrepanOwn^  P.  Z. 

The  salt  of  tartar  of  the  shops  generally  contains  sul- 
phate and  muriate  of  potash,  and  silicious  and  calcareous 
earths.     It  should  dissolve  entirely,  if  pure,  in  twice  its 
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vrei^it  of  cold  water ;  and  any  thing  that  remains  uekIis- 
solved  may  be  regarded  as  ao  unpurit}-.  Sometimes  one 
fourth  of  foreign  mixtures  may  thus  be  detected,  the 
greater  part  of  which  is  sulphate  of  potash.  To  ascer- 
tain the  nature  of  the  adulteration,  dissolve  a  portion  io 
pure  and  diluied  nitric  acid :  the  silicious  earth  only  will 
remain  undissolved.  Add,  to  one  portion  of  the  solution, 
nitrate  of  barytes  ;  this  will  detea  sulphate  of  potash  by 
a  copious  precipitate.  To  another  portion  add  nitrate  of 
silver,  which  will  discover  muriatic  salts  i  and,  to  a  third, 
oxalate  or  fluate  of  ammonia,  which  wiU  detect  calcare- 
ous earth. 

The  solution  of  carbonate  of  potash  ^^Aifua  Kaii^P.  Z»' 
may  be  examined  in  a  similar  manner. 


II.  Solution  offmre  Potash, — Aqua  KaU  Puri^  P.  L. 


This  may  be  assayed,  for  sulphunc  and  muriatic 
by  saturation  with  nitric  acid,  and  by  the  tests  recom- 
mended in  speaking  of  carbonate  of  potash.  A  perfecdy 
pure  solution  of  potash  should  remain  transparent  on  the 
iiddiuon  of  barytic  water,  if  a  precipitate  should  ensi 
which  dissolves  with  effervescence  in  dilute  muriatic 
it  is  owing  to  (he  presence  of  carbonic  acid:  if  the  _ 
cipitate  b  not  soluble,  it  indicates  sulphuric  acid.  A 
dundancy  of  carbonic  acid  is  also  shown  by  an  eirer\-i 
cence,  on  adding  diluted  sulphunc  acid,  and  an  excess 
lime  by  a  while  precipitate,  on  blowing  air,  from 
lungs,  through  tlie  solution,  by  means  of  a  tobacco-pij 
or  a  glass  tube. 

This  solution  should  be  of  such  a   strength,  as  that 
exact  wine  pint  may  weigh  18  ounces  troy. 
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12.  Carbonate  of  Soda, — Natron  Preparatum,  P.  L. 

Carbonate  of  soda  is  scarcely  ever  found  free  from  mu- 
riate and  sulphate  of  soda.  These  may  be  discovered  by 
adding,  to  a  little  of  the  carbonate  saturated  with  pure 
nitric  acid,  first  nitrate  of  barytes,  to  detect  sulphuric  acid, 
and  afterward  nitrate  of  silver,  to  ascertain  the  presence  of 
muriatic  acid.     Carbonate  of  potash  will  be  showo  by  a 


pttcipiiatfc  cttsQing;  on  tte  addition  of  tartarou^  acid  to  af 
atrong  aofadoe  of  the  idkali ;  for,  Ms  acid  forms  k  diffi<» 
cukly-soluble  salt  with  potash,  but  not  with  soda. 


IS.  Sokitian  of  Carbonate  of  Ammoniay — Aqua  AmmonUty 

» 

'  Thift  should  have  the  specific  gravity  of  1150;  should 
cflfervesce  on  die  addUtion  of  acids ;  and  should  afford  a 
atiWg'  coagulom  on  adding  alcohoL 


14.  Carbonate  of  Ammonia^ — Anmonia  Preparatay  P.  L. 

This  salt  should  be  entirely  volatilized  by  heat.  If  any 
thing  remain,  when  it  is  laid  on  a  heated  iron,  carbonate 
of  potash  or  of  lime  may  be  suspected ;  and  these  impu- 
rities are  most  likely  to  be  present  if  die  carbonate  of 
ammonia  be  purchased  in  the  form  of  a  powder.  It  should 
dierefore  always  be  bought  in  solid  lumps.  Sulphuric 
and  muriadc  Mlts,  liikie  and  iron^  may  be  discovered  by 
adding  to  die  alksfi^  saturated  with  nitric  aeid,  die  appro* 
{feriate  tests  alreaKJty  often  mentioned 

t5.  Solution  of  pure  Ammonia  m  Water ^ — Aqua  Ammonht 
PuTitj  Jr.  JL^'^rong  Spirit  of  Sal  Anmoniac. 

The  volatile  alkiA,  in  its  purest  state,  ensts  as  a  gas 
condensible  by  water,  and  its  solution  in  water  is  the  only 
form  under  which  it  is  applicable  to  useful  purposes.  This 
solution  should  contain  nothing  besides  the  volatile  alkali ; 
the  alkali  should  be  perfecdy  free  from  carbonic  acid, 
and  should  be  combined  with  water  in  the  greatest  pos- 
sible proportion.  The  presence  of  other  salts  may  be  dis- 
covered by  saturating  a  portion  of  the  solution  with  pure 
mtric  acid,  and  adding  the  tests  for  sulphuric  and  muria- 
tic acids.  Carbonic  acid  is  shown  by  a  precipitation  on 
milting  the  solution  widi  one  of  muriate  of  Hme ;  for 
this  emiy  salt  is  not  precipitated  by  pure  aminonia. 
The  oidy  mode  of  determining  die  strength  of  the  solu- 
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tlon   is  by  taking  its   specific   gravity-,  which,  at  60°  t 
Fithrcahctt,  shouldbc  as  90S,  or  thereabouts,  to  1000.     i 


16.  Spirit   of  Narlnfiorn, — Liquor  V'olatilis  Cormt  Cert 
F.L. 

This  may  be  counterfeited  by  mixing  the  aqua  am- 
monia purae  with  the  distilled  spirit  of  hjitshom,  in   or- 
der to  increase   the  pungency  of  its  smell,  and    to  enable 
it  to  bear  an  addition  of  water.     The  fraud  is  detected  by,, 
adding  alcohol  to  the  sophisticated  spirit  i  for,  if  no  con-^ 
siderable  coagulation  eneucs,  the  adulteration  is  proved*  f 
It  may  also  be  discovered  by  the  usual  effervescence  n 
ensuing  with  acids.     The  solution  should  have  the  spe-  J 
ciiic  gravity  of  1500. 


17.  Sulpliote  of  Soda,— Natron  Vttrislatum,  P.  L. — 
Glauber's  Sail. 

Tliis  salt  ought  not  to  contain  an  excess  of  either  aQi 
or  alkali,  both  of  which  may  be  detected  by  the  veg>-t 
infusions,  page  310.  Nor  should  it  be  mixed  with  eai 
or  metallic  salts ;  the  former  of  which  are  detected  by  ' 
carbonate,  and  the  latter  by  prussiate  of  potash.  Mu- 
riate of  soda  is  discovered  by  adding  nitrate  of  barytes 
till  the  precipitate  ceasea,  and  afterwards  nitrate  of  silver, 
or  more  simply  by  a  solution  of  sulphate  of  silver.  Sul- 
phate of  potash  is  discovered  by  its  more  sparing  solubi- 
lity. The  sulphate  of  soda,  however,  being  itself  one  of 
the  cheapest  salts,  there  is  little  risk  of  its  being  inten- , 
I  ion  ally  sophisticated. 


18.  Sulphate  of  Potash, — Kali   Vitriolatum,  P.  L.— 
Vitriolaled  Tartar. 

The  purity  of  this  salt  may  be  ascertained  by  the  s 
means  as  that  of  the  former  one.     The  little  value  of  (] 
salt  renders  it  pretty  secure  from  wilful  adulteration. 


caar.  ii.      DtRCffKnr  or  ▲Dvi.Tiajknaiii*  af4^ 


19.  i/ifriile  ^  PmoMh^^Nitrum  Purificaiumj  R  L.^^ 

Nitre  or  Salt  Fetre. 


potaih  it,  widi  great  difficulty,  freed  entirely 
from  muriate  of  soda ;  and  a  small  portion  of  the  latter,, 
except  for  nice  chemical  purposes,  is  an  admixture  of 
little  importance.  To  discover  muriate  of  soda,  a  solu* 
tion  of  nitrate  of  silver  must  be  added  as  long  as  any  se- 
diment is  produced.  The  precipitate,  washed  and  dried, 
must  be  weighed.  Every  hundred  grabs  will  denote  49|' 
of  muriate  of  soda. 

Sulphate  of  potash  or  soda  may  be  discovered  by  nitrate 
or  muriate  of  barytes. 


2(X  MuriaU  of  SodcU'-^Common  SaU. 

Common  salt  b  scarcely  ever  found  free  from  salts  with 
earthy  bases,  chiefly  muriates  of  magnesia  and  hme,  which 
are  contained  in  the  brine,  and  adhere  to  the  crystals. 
The  earths  may  be  precipitated  by  carbonate  of  soda,  and 
the  precipitated  lime  and  magnesia  may  be  separated  from 
each  other  by  the  rules  given  page  340. 


21.  Muriate  of  Ammaniay'^Ammoma  MuriatOy  P. 

SalAmmoniaCm 

This  salt  ought  to  be  entirely  volatiUzed,  by  a  low  heait^^ 
when  laid  on  a  heated  iron.  It  sometimes  contains  %\3l^ 
phate  of  ammonia,  however,  which,  being  also  volatile, 
cannot  be  thus  detected.  To  ascertain  the  presence  of 
the  latter  salt,  add  the  muriate  or  nitrate  of  barytes,  which 
will  indicate  die  sulphate  by  a  copious  and  insoluble  pre- 
cipitate. 


22.  Acetate  of  Potash^ — KaU  Acetatum  P.  L, 

Genuine  acetate  of  potash  is  perfecdy  soluble  in  4bur 
times  its  weight  of  alcohol,  and  may  dius  be  separated 
from  other  s^ts  that  are  insoluble  in  alcohol.    The  tar- 

Bbb 
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,  trite  of  potash  (soluble  tartar)  is  the  adulteration  most 
Kkety  to  be  employed.  This  may  be  discovered  by  add- 
ing a  solution  of  tartarous  acid,  which,  if  the  suspected 
salt  be  present,  will  occasion  a  copious  precipitate.  The 
tartrite  is  also  detected  by  its  forming  a  precipitate  With 
acetate  of  lead  or  muriate  of  barj'tes,  soluble  in  acetic  or 
muriatic  acid  ;  and  sulphates  by  a  precipitate  with  the 
same  agents,  insoluble  in  acids. 


33.  Neutral  TartrUe  of  Potash, — Kali  Tartarizalum,  P. 

—^'oluble  Tartar. 

This  salt  should  afford  a  very  copious  precipitate 
adding  tartarous  acid.  The  only  salt  likely  to  be  mixed 
with  it  is  sulphate  of  soda,  which  may  be  detected  by  a 
precipitate  with  muriated  barytes,  insoluble  in  diluted 
c  acid. 


1 


34.  Acidulous  Tartrite  of  Potash. — Tartarum  Purifico 
P.  L. — Cream  of  Tartar. 

The  only  substance  with  which  this  salt  is  likely  to  be 
adulterated  is  sulphate  of  potash.  To  determine  whether 
this  be  present,  pour,  on  about  half  an  ounce  of  the  pow- 
dered crystals,  two  or  three  ounce  measures  of  distilled 
water  ;  shake  the  mixture  frequently,  and  let  it  stand  one 
or  two  hours.  The  sulphate  of  potash,  being  more  soluble 
than  the  tartrite,  will  be  taken  up  ;  and  may  be  known 
by  the  bitter  taste  of  the  soluuon,  and  by  a  precipitate, 
on  adding  muriate  of  barytes,  which  will  be  uisoiuble  iu 
muriatic  acid. 


35.  Compound  Tartrite  of  Soda  and  Potash^ — Natron  Tt 
tarizatum,  P.  L, — Rochelic  or  Seignette's  Salt, 

Sulphate  of  soda,  the  only  salt  with  which  this  may 
expected  to  be  adulterated,  is  discovered  by  adding  to  a 
solution  of  Rochelle  salt  the  acetite  of  lead  or  muriate  of 
barjlts. — The  former,  if  ihe  sulphate  be  present,  affords 
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a  precipitate  insoluble  in  acetous  acid,  and  the  latter  one 
insoluble  in  muriatic  acid. 


26.  Sttlphate  of  Magnesia^^'^Magnesia  Vtiriolatay  P.  I--*- 

Epsom  Salt. 

This  salt  is  very  likely  to  be  adulterated  widi  sulphate 
of  soda,  or  Glauber's  salt,  which  may  be  made  to  resem- 
ble the  magnesian  salt  in  appearance,  by  stirring  it  brisk- 
ly at  the  moment  when  it  is  about  to  crystallize*  The 
fraud  may  be  discovered  very  readily  if  the  salt  consist 
entirely  of  the  sulphate  of  soda,  because  no  precipitation 
will  ensue  on  adding  carbonate  of  potash.  If  only  a  part 
of  the  salt  be  sulphate  of  soda,  detection  is  not  so  easy,  but 
may  still  be  accomplished.  For,  since  100  parts  of  pure 
sulphate  of  magnesia  give  between  30  and  40  of  the  dry 
carbonate,  when  completely  decomposed  by  carbonate  of 
potash,  if  the  salt  under  examination  afford  a  considerably 
less  proportion,  its  sophistication  may  be  fairly  inferred : 
or,  to  discover  the  sulphate  of  soda,  precipitate  all  the 
magnesia,  by  pure  ammonia,  with  the  aid  of  heat.  De- 
cant the  clear  liquor  from  the  precipitate,  filter  it,  and, 
after  evaporation  to  dryness,  apply  such  a  heat  as  will 
volatilize  the  sulphate  of  ammonia,  when  that  of  soda 
will  remain  fixed. 

Muriate  of  magnesia  or  of  lime  may  be  detected  by  the 
salt  becoming  moist  when  exposed  to  the  air,  and  by  a  pre- 
cipitation widi  nitrated  silver,  after  nitrate  of  barytes  Ins 
separated  all  the  sulphuric  acid  and  magnesia.  Lime  is 
discoverable  by  oxalic  acid. 


27.  Sulphate  of  Ahimine^ — Ahim.  . 

Perfectly  pure  alum  should  contain  neither  iron  nor 
copper.  The  former  is  manifested  by  adding,  to  a  solu- 
tion of  alum,  prussiate  of  potash,  and  the  latter  by  an  ex- 
cess of  pure  ammonia* 
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28.  Borate  of  Soda, — Borcut. 


Borate  of  soda,  if  adulterated  at  all,  wiU  probably  be 
so  with  alum  or  fused  muriate  of  soda.  To  discover 
these,  borax  must  be  dissolved  in  water,  and  its  excess 
ol  alkali  be  saturated  with  nitric  acid.  Nitrate  of  barytes, 
added  to  this  saturated  solution,  will  detect  the  sulphi 
aall,  and  nitrate  of  silver  the  muriate  of  soda. 


39.  Sulpliate  of  Iran,~FtrTum  ritriolatum,  P.  L,~JGri 

If  this  salt  should  contain  copper,  which  ts  the  only  ad' 
mixture  likely  to  be  found  in  it,  pure  ammonia,  added  till 
a  precipitation  ceases,  will  aSbrd  a  blue  liquor.  Any  cop- 
per that  may  chance  lo  be  present,  may  he  separated,  aitd 
the  sail  purified,  by  immersing,  iu  a  solution  of  it,  a  cli 
polished  plate  of  iron. 


■ee^^ 


1 


30.  Tar tarized  Antimony, — Antimontum  Tartarizatum, 
L. — Emetic  Tartar. 

A  solution  of  this  salt  should  afford,  with  acetate  cj 
lead,  a  precipitate  perfectly  soluble  in  dilute  nitric  acid. 
A  few  drops  of  the  sulphuret  of  ammonia,  also,  should 
immediately  precipitate  a  gold-coloured  sulphuret  ;of 
antimony. 


31.  Muriate  of  Mercury, — Hydrargyrvs  Muriatta^  P. 
Corrosive  Sublimate. 

If  there  be  any  reason  to  suspect  arsenic  in  this  sate, 
the  fraud  may  be  discovered  as  follows: — Dissolve  a  small 
quantity  olthe  sublimate  in  distilled  watery  add  a  solution 
of  carbonate  of  ammonia  till  the  precipitate  ceascit,  and 
filter  the  solution.     If,  on  the  addition  of  a  few  drops 
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ammomatod  coippet*  to  this  solution,  a  precipitate  of  a 
3reUo«i8h  green  colour  is  produced,  the  sublimate  coii' 
tains  arsenic. 

32.  Sub-muriate  of  Mercury^ — Cahmely  P.  Z. 

Calomel  should  be  completely  saturated  with  mercuxy. 
This  may  be  ascertained  by  boiling,  for  a  few  minutes, 
one  part  of  calomel  with  l-32d  part  of  muriate  of  ammonia 
(sal  ammoniac)  in  10  parts  of  distilled  water.  When  car- 
bonate of  potash  is  added  to  the  filtered  soluuon,  no  pre- 
cipitation will  ensue,  if  the  calomel  be  pure.  This 
preparation,  when  rubbed  in  an  earthen  mortar  with  pure 
ammonia,  should  become  intensely  black,  and  should  ex- 
hibit nothing  of  an  orange  hue. 


33.  Mercury,  or  Quicksilver ^ — HydrargyruSy  P.  i. 

Scarcely  any  substance  is  so  liable  to  adulteration  as 
mercury,  owing  to  the  property  which  it  possesses  of  dis- 
solving completely  some  of  the  baser  metals.  This  unioa 
is  so  strong  that  diey  even  rise  along  with  the  quicksilver 
when  dbtiued.  The  impurity  of  mercury  is  generally  in- 
dicated by  its  dull  aspect ;  by  its  tarnishing  and  becoming 
covered  with  a  coat  of  oxide,  on  long  exposure  to  the  air ; 
by  its  adhesion  to  the  surface  of  glass ;  and,  when  shaken 
with  water  in  a  botde,  by  the  speedy  formation  of  a  black 
powder.  Lead  and  tin  are  frequent  impurities,  and  the 
mercury  becomes  capable  of  taking  up  more  of  these  if 
zinc  or  bismuth  be  previously  added.  In  order  to  dis- 
cover lead,  the  mercury  may  be  agitated  with  a  little 
water,  in  order  to  oxydizfe  diat  metal.  Pour  off  the  water, 
and  digest  the  mercury  with  a  litde  acetous  acid.  This 
will  dissolve  the  oxide  of  lead,  which  will  be  indicated  by 
a  blackish  precipitate  with  sulphuretted  water.  Or,  to  this 
acetous  solution,  add  a  litde  sulphate  of  soda,  which  will 
precipitate  a  sulphate  of  lead,  containing,  when  dry,  72 
per  cent,  of  metal.  If  only  a  very  minute  quantity  of 
lead  be  present,  in  a  large  quantity  of  mercury,  it  may  be 

*  Prepared  hy  digcKiDg  a  little  verdegris  in  the  lolution  of  pure 
ammonia. 


detected  by  solution  in  nitric  acid  and  the  addiOon  of 
sulphuretted  water.  A  dark  brown  precipitate  will  ensue, 
and  will  sulfide  if  allowed  to  .stand  a  few  days-  One 
part  of  lead  may  thus  be  separated  from  15-63  parts  of 
mercury.*  Bismuth  is  detected  by  pouring  a  nitric  & 
ludon,  prepared  without  heat,  into  distilled  water;  a  wW 
precipitate  will  appear  if  this  metal  be  present.  Tin  i 
yianifested,  in  like  manner,  by  a  weak  solution  ofnitr 
muriate  of  gold,  which  throws  down  a  purple  sedimen 
and  zinc  by  exposing  tlie  metal  to  heat. 


34.  RedOxide  of  Mercury, — ffijdrargyrus  Cftkinabu^P' '% 

This  substance  is  rarely  found  adulterated,  as  it  wot 
be  difficult  to  find  a  substance  welt  suiled  to  this    \ 
|K>se,     If  well  prepared,  it  may   be  totall)'  volatilized  1 
heat. 


35.  RedOxide  of  Mercury  bij  Nitric  Aeid, — Hydrargyn 
Nitratm  Ruber,  P.  L. — lied  Precipitate. 

This  is  very  liable  to  adulteration  with  minium,  or  rejjj  \ 
lead.  The  fraud  may  be  discovered  by  digesting  it  m  I 
acetic  acid,  and  adding  to  the  solution  sulphuretted  water^  i 
or  sulphuret  of  ammonia,  which  produce,  with  the  com-  1 
pounds  of  lead,  a  dirty  dark  coloured  precipitate.  It  J 
should  also  be  totally  volatilized  by  heat. 


36.  White  Oxide  of  Mercury, — Calx  Hijdrargyri  Alba^ 
P.  L. — White  Precipitate.  '' 

White  lead  is  the  most  probable  adulteration  of  i 
substance,  and  chalk  may  also  be  occasionally  mixed 
with  it.  The  oxide  of  lead  may  be  discovered  as  in  the 
last  article  ;  and  chalk,  by  adding  to  the  dilute  solution  a 
little  oxalic  acid. 

'cctioo  of  adullenlioiu  h 
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37.  i?rrf  Sulphuretted  Oxide  of  Mercury^ — Hydrargyrum 
.   Sulphuratus  Ruber^  P.  L.^-Factitious  Cinnabar* 

This  substance  is  frequently  adulterated  with  red  lead, 
which  may  be  detected  by  the  foregoing  rules.  Chalk 
and  dragon^s  blood  are  sdso  sometimes  mixed  widi  it. 
The  chalk  is  discovered  by  an  effervescence  on  addinc; 
acetic  acid,  and  by  pouring  oxalic  acid  in  to  the  acetous 
solution.  Dragon's  blood  will  be  left  unvolatilized  when 
the  sulphuret  is  exposed  to  heat,  and  may  be  detected  by 
its  giving  a  colour  to  alcohol,  when  the  cinnabar  is  digest- 
ed with  it. 


38.  Black  Sulphuretted  Oxide  of  Mercury^ — Hydrargyrua 
cum  Sulphur e^  P.  L. — Ethiops  Miner aU 

The  mercury  and  sulphur,  in  this  preparation,  should 
be  so  intimately  combined,  that  no  globules  of  the  metals 
can  be  discovered  by  a  magnifier ;  and  that,  when  rubbed 
on  gold,  no  white  stain  may  be  con^municated.  The 
admixture  of  ivory  black  may  be  detected  by  its  not 
being  wholly  volatilized  by  heat;  or,  by  bpiling  with 
alkali  to  extract  the  sulphur,  and  afterwards  exposing  the- 
residuum  to  heat,  which  ought  entirely  to  evaporate. 


39.  Tellow  Oxide  or  Sub^ulphate  of  Mercury^ — Hydrargy- 
rus  Vttriolatus^  P.  L.^-Turbith  Mineral. 

This  preparation  should  be  wholly  evaporable;  and, 
when  digested  with  distilled  water,  the  water  ought  not 
to  take  up  any  sulphuric  acid,  which  will  be  discovered  by 
muriate  of  barytes. 


40.  Fused  Nitrate  of  Silver^ — Argentum  Nitratum^  P.  L* 

— Lunar  Caustic. 

The  most  probable  admixture  with  this  substance  is 
nitrate  of  copper,  derived  from  the  employment  of  an  im- 
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pure  silver.  In  moderate  proportion  this  is  of  little  import 
ancc.  It  may  be  asccnained  by  solution  io  water,  and 
adding  an  excess  of  pure  amoionia,  which  will  detect  cop- 
per by  a  deep  blue  colour. 


41.  White  Oxide  of  Zinc, — Ziacum  Gakinatum^  P.  i 
Fhwen  oj  Zinc. 

Oxide  of  zinc  may  be  adulterated  with  chalk,  whicbj| 
discoverable  by  an  efTervescence  with  acetous  acid, 
by    the  precipitation    of  this  solution    with  oxalic  i 
Lt.Md  is  detected    by    adding,    to    the    acetous    solutici 
sulphuretted  water,  or  sulphuret  of  ammonia.     Arseni 
towhich  the  activity  of  this  medicine  has  been  sometim 
ascribed,  b  detected,  also,  by  sulphuretted    water,  ad4. 
ed  to  the  acetous    solution:  but  in   this  case  the  preci 
pitatc  has  a   )'cllow  colour,  and,   when   laid   on   red-li 
charcoal,  gives  first  a  smell  of  sulphur,  and  afterwards  a 


43.   IVhite  Oxide  of  Lrad,—Cemssa,  P.  I White  LeaA% 

This  is  frequently  sophisticated  with  chalk ;  the  presetioef  J 
of  which  may  be  delected  by  cold  acetous  acid,  and  b 
adding,  to  this  solution,  oxalic  acid.  Carbonate  of  barj'ti 
is  detected  by  sulphate  of  soda  added  to  the  same  aolm 
tioD,  very  largely  diluted  with  disnllcd  water;  and  at£ 
phatc  of  bar\'tes,  or  sulphate  of  lead,  by  the  insolubili^ 
of  the  ceruse  in  boiling  distilled  vinegar. 


43.  Acetate  of  Lead, — Ceriissa  Acetata,  P.  L, — Sugar 


If  the  acetate  of  lead  should  be  adulterated  with  ace- 
late  of  lime  or  of  barytes,  the  former  may  be  detected  by 
adding,  to  a  dilute  solution,  the  oxalie  acid  ;  and  the  lat- 
ter by  sulphuric  acid,  or  solution  of  sulphate  of  soda,  add- 
ed t'j  a  solution  very  largely  diluted  with  water.  Acetate 
ol  lead  ought  to  dissolve  entirely  m  water,  and  my 
thing  that  resists  solution  may  be  regarded  as  an  impurity. 


4 


mUk^.tt.        BlTkcttON  6r   ADtTLTEftATlONS.  QBi 


44.  Green  Oxide j  or  Subacetate  of  Copper^ — Verdegris. 

This  substance  is  scarcely  ever  found  pure,  being  mixed 
with  pieces  of  copper,  grape-stalks,  and  other  impurities. 
The  amount  of  this  admixture  oJF  insoluble  substances 
may  be  ascertained  by  boiling  a  portion  of  verdegris  with 
12  or  14  times  its  weight  of  distilled  vinegar,  allowing 
the  undissolved  part  to  settle,  and  ascertaining  its  amount. 
Sulphate  of  copper  may  be  detected  by  boiling  the  verde- 
gris with  vrater,  and  evaporating  the  solution.  Crystals 
of  acetite  of  copper  will  first  separate,  and,  when  the  so* 
lution  has  been  farther  concentrated,  the  sulphate  of  cop- 
per will  crystallize.  Or  it  may  be  discovered  by  adding 
to  the  watery  solution  muriate  of  bar3^es,  wluch  will 
throw  down  a  very  abundant  precipitate.  Tartrite  of 
copper,  another  adulteration  sometimes  met  vrith,  is  dis- 
covered by  dissolving  a  litde  of  the  verdegris  in  acetous 
acid,  and  adding  acetite  or  muriate  of  barytes,  which  will 
aibrd,  with  the  tartarous  acid,  a  precipitate  soluble  in 
muriatic  acid. 


45.  Crystallized  Acetate  of  Copper^ — DistiUedor  CrystalM- 

zed  Verdegris. 

This  is  prepared  by  dissolving  the  common  verdegris^ 
in  distilled  vinegar,  and  crystallizing  the  solution.  These 
crystals  should  dissolve  entirely  in  six  times  their  weigl^ 
of  boiling  water,  and  the  solution  should  give  no  precipi- 
tation with  solutions  of  barytes;  for,  if  these  solutions 
throw  down  a  precipitate,  sulphate  of  copper  is  indicated. 
This  impurity,  which  I  have  frequently  met  with,  may 
be  discovered  by  evaporating  the  solution  very  low,  and 
separating  the  crystals  of  acetate  of  copper.  Farther 
evaporation  and  cooling  will  crystallize  the  sulphate,  if 
any  be  present.  • 


46.  Carbonate  of  Magnesia^ — Magnesia  Alba^  P.  i. 

Carbonate  of  magnesia  is  most  liable  to  adulteration 
vrith  chalk  ;  and,  as  Time  forms  with  sulphuric  acid  a  very 
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insoluble  salt,  and  magnesia  one  very  readily  dissolved, 
this  acid  may  be  employed  in  detecting  the  fraud.     To  a 
suspected  portion  ut'  magnesia  add  a  little  sulphuric  acid, 
diluted  with   8  or  10  times  its  weight  of  water.     If  the  , 
magnt^sia  should   entirely  be  taken  up,  and  the  solutii 
should  remain  transparent,  it   may  be  pronounced   pui 
but  not  otherwise.     Another  mode  of  discovering  the 
ception  is  as  follows; — Saturate  a  portion  of  the  s 
ed  magnesia  with   muriatic  acid,  and   add  a  solution  4 
carbonate  of  ammonia.     If  any  lime  be  present,  it  v 
form  an  insoluble  precipitate,  but  the  mugneaisi  will  r 
m^n  in  solution. 


47.  Pure  Magnesia, — Magnesia  Usla,  P.  L.-~Cakin 
MagTtesia, 

Calcined  magnesia  may  be  assayed  by  the  same  t 
as  the  carbonate.  It  ought  not  to  effervesce  at  all  wit|| 
dilute  sulphuric  acid  ;  and,  if  the  earth  and  acid  be  { 
together  into  one  scale  of  a  balance,  no  diminuiioD  i 
weight  should  ensue  on  mixing  them  together.  It  shoUl 
be  perfectly  free  from  taste,  and,  when  digested  wit! 
distilled  water,  the  filtered  liquor  should  manifest  i}o  pra 
perty  of  lime-water.  Calcined  magnesia,  however,  is  ' 
very  seldom  so  pure  as  to  be  totally  dissolved  by  diluted 
sulphuric  acid  ;  for  a  small  insoluble  residue  generally  pe- 
mains,  consisting  chiefly  of  silicious  earth,  derived  from 
the  alkali.  The  solution  in  sulphuric  acid,  when  largely 
diluted,  ought  not  to  afford  any  precipitation  with  oxalate 
of  ammonia. 


+8.  Spirit  ofWine,Akoholy  and  Others.  ■ 

The  only  decisive  mode  of  ascertaining  the  purity  of 
sjiirit  of  wine  and  of  aethers,  is  by  determining  their  spe- 
cific gravili'.  Highly-rectified  alcohol  should  have  the 
specific  gravity  of  820  to  1000.  Common  spirit  of  wine 
83?.  Sulphuric  Kther  739.  The  spiritus  Ktheris  vitri- 
olicus,  P,  L.  or  sweet  spirit  of  vitriol,  about  753, — and 
nitric  athcr,  the  spiritus  ietheris  nitrosus,  or  sweet  spirit 


of  nitre,  908.  The  sethers  ought  not  to  redden  the  co- 
lour of  litmus,  nor  ought  diose  formed  from  sulphuric 
add  to  give  any  precipitation  with  solutions  of  barytes. 


49.  Essential  or  Vohttle  Oils. 

As  essential  oib  constitute  only  a  very  small  propor- 
tion of  the  vegetables^from  which  they  are  obtained,  and 
bear  generally  a  very  high  price,  there  is  a  considerable 
temptation  to  adulterate  them*  They  are  found  sophis* 
dcated,  either  with  cheaper  volatile  oils,  with  fixed  oils, 
or  with  the  spirit  of  wine.  The  fixed  oils  are  discovered 
by  disullation  with  a  very  gentle  heat,  which  elevates  the 
eftsenddoils,  and  kaVes  tfie  fited  ones.  These  test  mily, 
also,  be  detected  by  moSstening  a  litde  writing  paper 
with  the  suspected  oil,  and  holding  it  before  the  fire.  If 
the  oil  be  entirely  essential,  no  stain  will  remain  on  tiie 
l^ttper*  Alcohol,  dso,  deOects  die  fixed  oils,  because  it 
<iidy  dBstallrts  the  essential  dues,  and  the  mixture  be^ 
tonfkes  liulky.  The  presence  of  cheaper  essential  oib  i^ 
tfisodvered  by  tiie  ismldl.  Alcohol,  a  cheaper  liquid  than 
some  of  tfie  most  costly  oils,  is  ^Uscovered  by  adding 
water,  wfaicfa,  if  islcobdl  be  present,  occasions  a  miUcmess. 


USE    OF    TESTS    TO    ARTISTS. 


To  point  out  all  tile  beneficial  applications  of  chemici 
substances  to  the  purposes  of  the  arts,  would  require 
distinct  and  very  extensive  treatise.  In  this  place  1  h:i^ 
no  farther  view  than  to  describe  the  mode  of  detectia| 
adulterations  in  certiun  articles  of  commerce ;  the  streag^ 
and  purity  of  which  are  essential  to  the  success  of  chem 
cal  processes. 


1.  Mode  of  detecting  the  Adulteration  of  Potashes,  Pea 
aihcs,  and  Barilla. 


Few  objects  of  commerce  are  sophisticated  to  a  greatotil 
extent  than  the  alkalies,  to  the  ^eat  loss  and  injur>'  oft' 
the  bleacher,  the  d)er,  the  glass-maker,  the  soap-boiler, 
and  of  all  other  artists  who  arc  in  the  habit  of  employing 
these  substances.  In  the  first  part  of  this  work  (see  p.  Ill) 
I  have  already  given  rules  for  discovering  auch  aduU 
terations  ;  and  to  what  has  been  said,  I  apprehend  it  is 
only  necessary  to  add  the  directions  of  Mr.  Kirwan,  intend- 
ed to  effect  the  same  end,  but  differing  in  the  mode.  They 
arc  transcribed  from  his  paper,  entitled.  "  Experiments 
on  the  Alkaline  Substances  used  in  Bleaching ;" — Xt 
Xransactioos  of  the  Irish  Acadenay  for  1789. 
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^  To  discover  whether  any  quantity  of  fixed  alkali 
worthy  of  attention  exists  in  any  saline  compound,  dis- 
solve one  ounce  of  it  in  boiling  water,  and  into  this  solu- 
tion let  fall  a  drop  of  a  solution  of  sublimate  corrosive ; 
this  will  be  converted  into  a  brick-colour,  if  an  alkali  be 
present,  or  into  a  brick-colour  mixed  witii  yellow,  if  the 
substance  tried  contains  lime. 

^^  But  die  substances  used  by  bleachers  being  always 
impregnated  with  an  alkali,  the  above  trial  is  in  general 
superfluous,  except  for  the  purpose  of  detecting  lime. 
The  quantity  of  alkali  is  therefore  what  they  should  chiefly 
be  solicitous  to  determine,  and  for  this  purpose : 

^^  1st,  Procure  a  quantity  of  alum,  suppose  one  pound, 
reduce  it  to  powder,  wash  it  with  cold  water,  and  then  put 
it  into  a  tea-pot,  pouring  on  it  three  or  tour  times  its 
weight  of  boiling  water. 

^^  2dly,  Weigh  an  ounce  of  the  ash  or  alkaline  sub- 
stance to  be  tried,  powder  it,  and  put  it  into  a  Florence 
flask  with  one  pound  of  pure  water,  (common  water,  boil- 
ed far  a  quarter  of  an  hour,  and  afterwards  filtered  through 
paper,  will  answer) ;  if  the  substance  to  be  examined  be  of 
the  nature  of  barilla  or  potash,  or  half  a  pound  of  water 
if  it  contain  but  Ittde  earthy  matter,  as  pearl-ash.  Let 
them  boil  for  a  quarter  of  an  hour ;  when  cool,  let  the  so- 
lution be  filtered  into  another  Florence  flask. 

^  3dly,  This  being  done,  gradually  pour  the  solution  of 
alum  hot  into  the  sdkaline  solution  also  heated ;  a  preci- 
pitation will  immediately  appear  ;  shake  them  well  to- 
gether, and  let  the  effervescence,  if  any,  cease  before 
more  of  the  aluminous  solution  be  added ;  continue  the 
addition  of  the  alum  until  the  mixed  liquor,  when  clear, 
turns  sjrrup  of  violets,  or  paper  tinged  blue,  by  radishes, 
or  by  litmus,  red ;  then  pour  the  liquor  and  precipitate 
on  a  paper-filter,  placed  in  a  glass  funnel.  The  precipita^ 
ted  earth  will  remain  on  the  filter ;  pour  on  this  a  pound 
or  more  of  hot  water,  gradually,  until  it  passes  tasteless ; 
take  up  the  filter,  and  let  the  earth  dry  on  it  until  they 
separate  easily.  Then  put  the  earth  into  a  cup  of  Staf- 
fordshire ware,  place  it  on  hot  sand,  and  dry  the  earth  un- 
til h  ceases  to  stick  to  glass  or  iron  ;  then  pound  it,  and 
reduce  it  to  powder  in  the  cup  with  a  glass  pesde,  and 
keep  it  a  quarter  of  an  hour  in  a  heat  of  horn  470®  to 
500*>. 
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«  it  into  ^^ 


"  4thly,  The  earth  being  thus  dried,  throw  i 
Fbrence  flask,  and  weigh  it ;  then  put  about  one  ourtcc 
of  spirit  of  aalt  inln  another  flask,  aod  place  this  is  the 
same  scale  as  the    earth,  and    counterbalance  both  in  die 
opposite  ftcale ;  this  being  done,    pour  the  spirit  of  ■ 
gradually  into  the  flask  that  corktains  the  cardi ;  and,  wfa) 
all  effervescence  is  over,  (if  there  be  any,)  blow  i 
Aask,  and   obser\-e    what  weight   must  be  added   to  1 
scale  containing  the   flasks   to   restore   the   equilibriui 
subtract  this  weight  from  that  of  the  earth,  the  remn 
der   is  a   weight  exactly  proportioned  to  the  weight  4 
mere  alkali  of  that  particiilar  species  which  is  conta' 
in  one  ounc*:  of  the    substance  eiamined  ;  all  beside  i 
superfluous  matter. 

"'  I  have  said,  that  alkalies  of  the  same  uprcies  may  ihiO" 
be  directly  compared,  because  alkalies  of  diffemil  species 
cannot  hut  require  the  intervention  of  another  propor- 
tion ;  and  the  reason  is,  because  equal  quantities  of  al- 
kalies of  different  species  precipitate  unequal  quantities 
of  earth  of  alum :  Thus  100  pans,  by  weight,  of  mere  ve- 
getable alkali  precipitate  78  of  earUi  of  alum,  but  100 
parts  of  mineral  alkali  precipitate  iro.8  parts  of  that  e 
Therefore  the  precipitation  of  78  parts  of  earth  of  a 
by  vegetable  alkali,  denotes  as  much  of  this,  as  the  pre 
pitation  of  170.8  of  that  earth  by  the  mineral  alkali,  d 
n(Ui:3  of  the  mineral  alkali.  Hence  the  quantities  of  al- 
kali in  all  the  different  species  of  pot^ashes,  pearl-ashes, 
weed  or  wood  ashes,  may  be  immediately  compared  with 
the  above  test,  as  they  all  contain  the  vegetable  alkafi 
and  the  different  kinds  ol  kelp  or  kelps  manu&cturcd  t 
different  pUices,  and  the  different  sorts  of  barilla,  r 
thus  be  compared,  because  they  all  contain  the  minen 
alkali.  But  kelps  and  pot-ashes,  as  they  conuin  different 
sons  of  alkali,  can  only  be  compared  tognber  by  means 
of  the  proportion  above  indicated." 


Mode  of  detecting  the  Adulteration  of  fl&mffor 


In  the  section  on  drugs,  instructions  may  be  f 
discovering  impurities  in  several  chemical  preparattoi 
employed  by  the  anist,  as  ceruse  or  white  lead,  red  It 
verd*"-  ■     "-c.     No  rules,  however,  have  been  given  £ 
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examining  manganese,  which  is  a  substance  that  varies 
much  in  quality,  and  is  often  sophisticated ;  as  the  bleachers 
experience,  to  their  no  small  disappointment  and  loss. 

The  principal  defect  of  manganese  arises  from  the  ad- 
mixture of  chalk,  which  is  not   always    an  intentional 
adulteration,  but  is  sometimes  found  united  with  it,  as 
it  occurs  in  the  earth*.    When,  to    this   impure    man- 
ganese mixed  with  muriate  of  soda,  the  sulphuric  acid  ia 
added,  the  materials  effervesce  and  swell  considerably, 
and  a  large  proportion  passes  into  the  receiver  ;  in  conse- 
quence of  which  the  bleaching  liquor  is  totally   spoiled* 
This  misfortune  has,  to  my  knowledge,  frequently  hap« 
pened,  andean  only  be  prevented  by  so  slow  and  cau- 
tious an  addition  of  the  acid,  as  is  nearly  inconsistent  with 
the  business  of  an  extensive  bleaching  work.    The  pre- 
sence of  carbonate  of  lime  may  be  discovered  in  manga- 
nese by.  pouiiogf.  on.  a  portion  of  this  substance,  nitric 
acid  diluted  with^  or<  lO  parts  of  water*     If  the.mai^g»f 
nese;be  good^  flQ  effervescencei  will  ensue,  nor  will  the 
acid  disaplye  any.  thing ;  but,  if  carbonate  of  .lime  be  ,pre-i 
acut,  it  tf  iU  be  t  takea:ttp  by  the  acid*    To  the  sotution  «add; 
SI  flttflkient  qiia^ntity  of  carixmale .  of  potash:  to  precipitate^ 
the.linM^  wash. the  aediment  with  waier»  anddiyiit.    It» 
wmghMfUl  3I1QW;  how  much  chalk  the  manganese  under 
ennmuiiioA  conMiiedU  . 

Another  adulteration  of  manganese,  that  may,  perhapa^ 
be  sometimes  practised,  is  the  addition  of  some  ores  of 
iron.  Tlus  impurity  is  less  easily  discovered.  But  if  the 
iron  be  in  such  a  state  of  oxydation  as  to  be  soluble  in 
muriatic  add,  the  following  process  may  discover  it.  Dis- 
solve a  portion,  with  the  assistance  of  heat,  in  concentra- 
ted muriatic  acid,  dilute  the  solution  largely  with  distilled 
water,  and  add  a  solution  of  crystallized  carbonate  of  pot- 
ash. The  manganese  will  remain  suspended,  by  the  ex- 
cess of  carbonic  acid,  on  mixing  the  two  solutions,  but 
the  iron  will  be  precipitated  in  the  state  of  a  coloured 
oxide. 

Fron^  an  observation  of  Klaproth  (Essays,  I.  p.  572.) 
it  appears  that  oxides  of  iron  and  manganese  are  separa- 
ble by  nitrous  acid  with  the  addition  of  sugar,  which  takes 
up  the  manganese  only. 


ANALTSIS   OF   LIME   AND  XARI.       VAST  1 


The  benefits  that  might  be  derived  from  the  anion  of 
chemical  skill,  with  the  extensive  oliservation  of  agricul- 
tural facts,  are,  perhaps,  incalculable.  At  present,  how- 
ever,  the  state  of  knowledge  among  farmers  is  not  such 
as  lo  enable  them  to  reap  much  advantage  from  chemical 
cKperiments;  and  the  chemist  has,  himself,  scarcely  cvef 
opportunities  of  applying  hia  knowledge  to  practical  p" 
poses  in  this  way.  It  may,  perhaps,  however,  be  of  U 
to  offer  a  few  brief  directions  for  the  analysis  of  b 
lime-stones,  Uc. 


It  is  impossible  to  lay  down  any  general  rules  resp* 
ing  the  fitness  of  lime  lor  the  purpos>s  uf  agriculture  ;  be-' 
cause  much  must  depend  on  the  peculiarities  of  soil,  ex- 
posure, and  other  circumstances.  Hence  a  species  of 
lime  may  be  extremely  well  adapted  lor  one  kind  of  land 
and  not  for  another.  All  that  '.an  be  accomplished  by 
chemical  means  is  to  ascertain  the  degree  of  puriij  of  the 
lime,  and  to  infer,  from  this,  to  what  kind  of  soil  it  is  b 
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adapted.  Thus  a  lime,  which  contsuns  much  argillaceouft 
eardi,  is  better  adapted  than  a  purer  one  to  dry  and 
gravdUy  soils  ;  and  stiff  clayey  lands  require  a  lime  as  free 
as  possible  from  the  argillaceous  ingredient* 

To  determine  the  purity  of  lime,  let  a  given  weight  be 
dissolved  in  diluted  muriatic  acid.  Let  a  litde  excess  o£ 
acid  be  added,  that  no  pordon  may  remain  undissolved 
owing  to  the  deficiency  of  the  solvent.  Dilute  with  dia- 
tilled  water  ;  let  the  insohiUe  part,  if  any,  subside,  and 
the  clear  liquor  be  decanted.  Wash  the  sediment  with 
farther  j^rtions  of  water,  and  pour  it  upon  a  filter  previ- 
ously weighed.  Dry  the  filter,  and  ascertain  its  increase 
of  weight,  which  wiU  indicate  how  much  insoluble  matter 
die  quantity  of  lime  submitted  to  experiment  contained. 
It  is  easy  to  judge  t^  the  external  qualities  of  the  insolu- 
ble portion,  whether  argillaceous  eardi  abounds  in  its  com^ 
position. 

There  is  one  earth,  however,  lately  found  in  seiseral 
lime-stones,  which  is  highly  injurious  to  the  vegetation  of 
plants,  and  is  not  cUscoverable  by  the  foregoing  process^ 
being,  equally  with  lime,  soluble  in  muriatic  acid.  Th» 
eardi  b  magnesia,  which,  by  direct  experiments,  has  been 
ascertained  to  be  extremely  noxious  to  plants.  Mr.  Tei^ 
nant,  the  gentleman  to  whom  we  owe  this  hot,  was  in* 
formed,  diat  in  the  neighbourhood  of  Doncaster  two 
kinds  of  lime  were  employed,  one  of  which  it  was  neces* 
sary  to  use  very  sparingly,  and  to  spread  very  evenly  ;  for 
it  was  said,  that  a  large  proportion,  instead  of  increasing, 
diminished  the  fertiUty  of  the  soil ;  and  tiiat,  whenever  a 
heap  of  it  was  left  in  one  spot,  all  fertility  was  prevented 
for  many  years.  Fifty  or  sixty  bushels  on  an  acre  were 
considered  to  be  as  much  as  coidd  be  used  with  advantage. 
The  other  sort  of  lime,  which  was  obtained  from  a  village 
near  Ferrybridge,  though  considerably  dearer,  from  the 
distant  carnage,  was  more  frequenUy  employed,  on  ac- 
count of  its  superior  utility.  A  large  quantity  was  never 
found  to  be  injurious  ;  and  the  spots,  which  were  covered 
vrith  it,  instead  of  being  rendered  barren,  became  remarlu^ 
bly  fertile.  On  examining  the  composition  of  these  two 
species  of  lime,  the  fertilizing  one  proved  to  consist  en- 
tirely of  calcareous  earth,  and  the  noxious  one  of  three 
parts  lime  and  two  magnesia. 

TJie  presence  of  magnesia  in  lime  proved,  on  ferther  in- 

D  d  d 


394  ANALTSIS  OF    LIMI:    AND    MARL.         PAitT.    III. 


vestigation,  to  be  a  very  common  occurrence.  The  mag- 
nesian  lime-stone  appears  to  extend  for  30  or  40  naUc& 
from  a  little  south-west  of  Worksop,  in  Nottinghanufairc, 
to  near  Ferrybridge,  in  Yorkshire,  and  it  has  also  been 
found  at  Brcedon  and  Matlock,  in  Derbyshire. 

The  magnesian  lime-stone,  according  to  Mr.  Tenmitt, 
may  easily  be  distinguished  from  that  which  is  purel>- 
calcareous,  by  the  slowness  of  its  solution  in  acids,  which 
is  so  considerable,  that  even  the  softest  kind  of  the  former 
is  much  longer  in  dissolving  than  marble.  It  has  ako 
frequently  a  crystallized  structure,  and  sometimes,  though 
not  always,  small  black  dots  may  be  seen  (Uspersed 
through  it.  In  the  countries  where  this  limestone  is 
tbund,  the  lime  is  generally  distinguished,  from  its  effects 
in  agriculture,  by  the  fanners,  as  hot  lime,  in  oppo»tion 
to  the  purely  calcareous,  which  they  term  miJd. 

To  ascertain,  by  chemical  means,  the  composition  of 
s  Ume  or  Ume-stoiie  suspected  to  contun  ma^esia,  the 
following  is  the  easiest,  though  not  the  most  accurate, 
process.  Procure  a  Florence  flask,  cleaai  it  well  from  oU 
by  a  litde  soap-lees  or  salt  of  tartar  and  quick-lime  mixed, 
and  break  it  off,  about  the  middle  of  the  body,  by  setting 
fire  to  a  string  tied  round  it  and  moistened  with  oil  of 
turpentine.  Into  the  bottom  part  of  this  flask  put  lOO 
grains  of  the  lime  or  Ume-stone,  and  pour  on  it,  by  de- 
grees, half  an  ounce  of  strong  sulphuric  add.  On  each 
affusion  of  acid  a  violent  effervescence  will  ensue  ;  when 
thb  ceases,  stir  the  acid  and  lime  together  with  a  small 
glass  tube,  or  rod,  and  place  the  flask  in  an  iron  pan,  611- 
ed  with  sand.  Set  it  over  the  fire,  and  continue  the  heat 
till  the  mass  is  quite  drj-.  Scrape  off  the  diy  mass, 
'  weigh  it,  and  put  it  into  a  wine-glass,  which  nu»' be  fill- 
ed up  with  water.  Stir  the  mixture,  and  when  it  has 
stood  half  an  hour,  pour  the  whole  on  a  filtering-paper, 
pbced  on  a  funnel,  and  previously  weighed.  Wasi)  the 
insoluble  part  with  water,  as  it  lies  on  At  filter,  and  add 
the  washings  to  the  fikercd  liquor.  To  this  liquor  addn 
solution  of  half  an  ounce  of  salt  of  tartar  in  water, 
«*en,  if  magnesia  be  present,  a  very  copious  white  sedi- 
ment will  ensue,  if  lime  only,  merely  a  slight  miLkiDcss. 
in  the  former  case,  heat  the  liquor,  by  setting  it  in  a  tea- 
cup near  the  fire ;  let  the  sediment  subside  ;  pour  off  the 
clear  liquor,  which  nsay  be  throwit  away,  and  wash  d 
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white  powder  repeatedly  with  warm  water.  Thea  [ram- 
ie on  a  filter  of  paper,  the  weight  of  which  is  known,  dr^- 
it,  and  weigh.  The  result,  if  the  limestone  bse  been  sub. 
mitted  to  experiment,  shows  how  much  carbonate  of 
magnesia  was  contained  in  the  ori^pnal  stone ;  or,  deduc- 
ting 60  per  cent,  how  much  pure  magnesia  100  pakts  of 
the  limestone  contained.  If  the  burnt  lime  has  been 
used,  deduct  from  the  wei^t  of  the  precipitate  60  per 
cent,  and  the  remainder  will  give  the  weight  of  the  mag- 
nesia in  each  100  grains  of  the  burnt  lime. 


Analysis  of  Alarh. 

The  ingredient  of  marb,  on  which  their  fitness  foi 
acp'icultural  purposes  depends,  is  the  carbonate  of  lime. 
It  is  owing  to  die  presence  of  this  earth  that  marls  effer- 
vesce on  the  addition  of  acids,  which  is  one  of  their  dis- 
tinguishing characters.  In  ascertaining  whether  an  ef- 
fervescence takes  place,  let  the  marl  be  put  into  a  glass, 
partly  filled  with  water,  which  will  expel  a  portion  of 
nir  contained  mechanically  in  the  marl,  and  thus  obviate 
one  source  of  fallacy.  When  the  marl  is  thoroughly  pe- 
netrated by  the  water,  add  a  Utde  muriatic  acid,  or  spirit 
of  salu  If  a  discharge  of  air  should  ensue,  the  marly 
nature  of  the  earth  is  sufficiently  established. 

To  find  the  composition  of  a  marl,  pour  a  few  ounces 
of  diluted  muriatic  acid  into  a  Florence  flask,  place  them 
in  a  scale,  and  let  them  be  balanced.  Then  reduce  a  few 
ounces  of  dry  marl  into  powder,  and  let  this  powder  be 
carefully  and  gradually  thrown  into  the  flask,  imtil,  after 
repeated  additions,  no  farther  effervescence  is  perceived. 
Let  the  remainder  of  the  powdered  marl  be  weighed,  by 
which  the  quantity  projected  will  be  known.  Let  the 
balance  be  then  restored.  The  diflerence  of  weight  be- 
tween the  quantity  projected  and  that  requisite  to  restore 
the  balance,  will  show  the  weight  of  air  lost  during  effer- 
vescence. If  the  loss  amount  to  13  per  cent,  of  the 
quantity  of  mari  projected,  or  from  13  to  32  per  cent. 
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the  marl  assayed  is  calc&reous  marl,  or  marl  rich  in  cal- 
careous earth. 

Clayey  marls,  or  those  in  which  the  argillaceous  ii 
dient  prevails,  lose  only  8  or  10  per  cent,  of  their  w 
by  this  treatment,  and  sandy  marls  about  the  same  p 
portion.  The  presence  of  much  argillaceous  earth  may  j 
Judged  by  drying  the  marl,  after  being  washed  with  aja 
of  salt,  when  it  will  harden  and  form  a  brick. 

To  determine,  with  still  greater  precision,  tbi  _ 
of  calcareous  earth  in  a  marl,  let  the  solution  in  muriatic 
acid  be  filtered,  and  mixed  with  a  solution  of  carbonate 
of  potash,  till  no  farther  precipitation  appears.  Let  the 
sediment  subside,  wash  it  well  with  water,  lay  it  oo  a  f~ 
ter,  previously  weighed,  and  dry  it.  The  weight  of  t 
dry  mass  will  show  how  much  carbonate  of  lime  \ 
quantity  of  marl  submitted  to  experiment  contained. 


SECT.  in. 

Aaalifsis  of  Soils, 

The  following  rules,  for  determining  the  compostti 
of  a  soil,  are  copied  from  a  Memoir,  presented  by  I 
Davy  to  the  Board  of  Agriculture. 


It    Utility  of  InvestigatiotiK  relating  to  the 
Soili. 

The  methods  of  improving  lands  are  immediatdy  con- 
nected with  the  knowledge  of  the  chemical  nature  of 
soils,  and  experiments  on  their  composition  Bppcai  capa- 
ble of  many  useful  applications. 

The  importance  of  this  subject  has  been  already  felt 
liy  some  very  ^le  cultivators  of  science  ;  many  usef  ' 
facts  and    observations,    with    regard    to   it,    have  b( 
fiimishcd  by  Mr.  Young  ;  it  has  been  examined  by  Li 
Dundonald,  in  his  treatise  on  the  Cotineition  of  Chemii 
with  Agriculture,  and  by   Mr.  Kirwan    in  his   excetleot 
essay  on  Manures  ;  but  the  inquiry  is  still  far  from  being 
exhausted,  and  new  methods  of  elucidating  it  ace  akooet 
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oomuiuiHy  ofiiered,  in  oonsequeiice  of  the  rapid  progress 
of  chtinical  discovery. 

In  the  fallowing  pages  I  shall  have  the  honour  of  lay- 
ing befiire  the  Bouxl,  an  account  of  those  mediods  of  ana- 
lysing soils  which  appear  most  precise- and  simple,  and 
most  likely  to  be  usenil  to  the  practical  farmer ;  they  are 
fininded  purdy  upon  the  labours  of  the  gendemen,  whose 
names  have  been  just  •  menuoned,  and  pardy  upon  some 
later  improvementk 


^  C^  the  Subatances  found  in  Soils. 

The  substances  wUch  are  found  in  soils,  are  certain 
mixtures  or  combinadons  of  some  of  the  primitive  earths, 
animal  and  vegetaUe  matter  in  a  decomposing  state,  cer- 
tain saline  compounds,  and  the  oxide  of  iron.  These 
bodies  alwa3rs  retain  water,  and  exist  in  very  different 
proportions  in  different  lands ;  and  the  end  of  analytical 
experiments  is  the  detection  of  their  quantities  and  mode 
of  union. 

The  earths  found  in  common  soils  are  principally  silex, 
or  the  earth  of  fiints,  alumine,  or  the  pure  matter  of  clay, 
lime,  or  calcareous  earth,  and  magnesia. 

Silexy  or  the  earth  of  flints,  when  perfecdy  pure,  ap- 
pears in  the  form  of  a  wlute  powder,  which  b  incombus- 
tible, infusible,  insoluble  in  water,  and  not  acted  upon 
by  common  acids ;  it  is  the  substance  which  constitutes 
the  principal  part  of  rock  crystal;  it  composes  a  conside- 
rable part  of  hard  gravelly  soik,  of  hard  sandy  soils,  and 
of  hanl  stony  lands. 

Ahunine^  or  pure  clay,  in  its  perfect  state  is  white  like 
silex;  it  adheres  strongly  to  the  tongue,  is  incombustible, 
insoluble  in  water,  but  soluble  in  acids,  and  in  fixed  alka- 
line menstrua.  It  abounds  most  in  clayey  soils  and  clayey 
loams ;  but  even  in  the  smallest  particles  of  these  soils  it 
is  usualty  united  to  silex  and  oxide  of  iron. 

lime  u  the  substance  well  known  in  its  pure  state  un- 
der the  name  of  quicklime.  It  always  exists  in  scnts  in 
combination,  and  that  principally  with  fixed  air  or  car- 
bonic acid,  when  it  is  called  carbonate  of  lime ;  a  sub- 
stance which  in  die  most  compact  form  constitutes  mar- 
ble, imd  in  its  looser  form  chalk.     Lime,  when  combined 
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With  sulphuric  acid  (oil  of  vioiol),  produces  sulph&te  of 
lime  (g)'|)sum),  and  with  phosphoric  acid,  phosphate  of 
lime>  The  carbooxte  of  lime,  mixed  with  other  aub- 
smnces,  composes  chalky  soils  and  marb.,  and  it  is  found 
in  soft  sandy  soils. 

Magnesia,  when  pure,  appears  as  white,  and  in  a  lighter 
powder,  than  any  of  the  other  earths  ;  it  is  soluble  ro  aetd, 
but  not  in  alkaline  menstrua;  it  is  rarely  found  in  S  " 
when  it  docs  exist,  it  is  either  in  combination  with  c 
nic  acid,  or  with  silexand  alumine. 

Animal  decomposing  matter  exists  in  very  different  statef 
according  as  the  substances  from  which  it  is  product 
are  different ;  it  contains  much  carbonaceous  substancej^ 
and  may  be  principally  resolved  by  heat  into  this  t 
stance,  volatile  alkali,  in&uiiinable  at^nfbrm  products,  ai 
carbonic  acid;  it  is  principally  found  in  Uuids  that  ( 
been  lately  manured. 

Vegetable  decomposing  matter  is  likewise  very  various  ] 
kind,  it  contains  usually  more  carbonaceous  substaiMI 
tlian  animal  matter,  and  dilTers  from  it  in  the  reaulta  fl 
ils  decomposition,  principally  in  not  producing  volaQle  d 
kali;  it  forms  a  great  proportion  of  all  peats;  it  abound- 
in  rich  mould,  and  is  found  in  larger  or  smaller  quantitifll 
in  all  lands. 

The  saline  compounds  found  in  soils  are  very  few,  s 
in  quantities  so  smalt,  that  they  arc  rarely  to  be  discovei 
They  are  principally  muriate  of  soda  (common  salt), 
phate  of  magnesia  (Epsom  salt),  and  muriate  and  sulphal 
of  potash,  nitrate  of  Ume,  and  the  mild  alkalies.  ' 

The  oxide  of  iron  is  the  same  with  the  rust  prodoced  bjr  \ 
exposing  iron  to  the  air  and  water ;  it-is  found  in  all  soils^  ' 
hut  is  most  abundant  io  yeUow  and  red  clays,  and  in  )'el-  ' 
low  and  red  silicious  saods. 

A  more  minute  account  of  these  different  substances 
would  be  incompatible  with  the  object  of  this  paper.  A 
full  description  of  their  properties  and  agencies  may  be 
found  in  the  elementary  books  on  chemistry,  and  parti- 
cularly in  the  System  of  Chemistry  by  Dr.  Thomson 
(2d  Edit.) ;  and  in  Henn,  's  Epitome  of  Chemistri'. 
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3.  In»ifumM»  f^w^/(Mrthe  J^^ 

The  radly  iniporlMit  iaaCfuments  required  for  the  ana- 
IjrBkdfsOib  iie  fieW,  ted  but  little  expenuve.  They  are  a 
balance  capable  of  conttiniiig'a  qiHUrter  of  a  pound  of 
common  «oil,  and^eapaUe  of  tumitig  when  loaded^  intdi 
a>gi^n.;  a  seriea  of  ^w«ig^  from  a  quarter  of  a  pound 
Tiojr  ttyagraib ;  a'wire  siev^,  sufficiently  coarse  to  admit 
a  pepper  com  dirough  its  apertures;  aa  Argand  lamp 
and  scumI  ;  aome  c^s  faotdes ;  Hessian  crucibles ;  por- 
celain, or  queen's  ware  evaporator  basops;  a  We4g» 
woodpesde-and  mortar:;  some-filtevs  oladfe  of  half  a  sheet 
of  rblotling>pBper,  fivldedso  as  to eontttba  iiintof  liquid* 
and  greased  it  the  «dges ;  a  -hone  knife,  and  an  apparatus 
fer  collecting  and  nieasurlngiserifertli  fluids* 

Hie  'chemical  substances,  or  re«agents  required  fersfri 
parating  the  constituent  {idurts  of  the  soil,  are  muriatic 
add  (spirit  of  wlt|)  aidphuric 'add,  pure  volatile  alkali 
dissolved  In  ^wsser,  solution  of  :pnissiilte  of  potash,  so^p 
lye, -solution  of  carfaooilte  of  ammoniac,  01  muriate  of 
ammonia,  solution  'df  neiltral  caibonate  of  /poibMh,  and 
mtnte  of  iftnin<>itia>  An  aecovint  of  4ie  Mtturedf  these 
bodies,  and  their  efiects,  may  be  found  in  the  ^eheBaical 
works  akeady  noticed  ;  and  the  re^agenls  are  sold,  toge- 
tiler  with  the  instniments  menticnied  above,  by  iBdr. 
Knight,  'Foster  Lane,  Cheapaide,  'arrangsd  in  anappro- 
priaie  chest. 


*4«  Midt  of  ooUecting  Soils  for  Analysis. 

In  cases  when  the  general  nature  of  the  soil  of  a  field 
is  to  be  ascertained,  q>edmens  of  it  should  be  taken 
fipom  difisrent  places,  two  or  three  inches  below  the  sur- 
face, and  examined  as  to  the  similarity  of  their  proper- 
ties. It  somethnes  happens,  that  upon  plains  the  whole 
of  the  upper  stratum  of  the  land  is  of  the  same  kind, 
and  in  this  case,  one  analysis  will  be  sufficient ;  but 
in  vallies,  and  near  the  beds  of  rivers,  there  are  very  great 
differences,  and  it  now  and  then  occurs  that  one  part  of 
a  field  is  calcareous,  and  another  part  silicious;  and  in 
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this  case,  and  in  analogous  cases,  the  portions  different 
from  each  othtr  should  be  separately  submitted  to  ex- 
periment. 

Soils  when  collected,  if  they  cannot  be  immediately 
examined,  should  l»e  preserved  in  phials  quite  filled  wtf 
ihem,  and  closed  with  ground  glass  stoppers. 

The  quantiiy  ol  soil  most  convenicni  tor  a  perfect  « 
lysis,  is  Irom  two  to  four  hundred  grains.  It  should^ 
collected  in  dry  weather,  and  exposed  to  the  atniosphd 
till  it  becomes  dry  to  the  touch. 

The  specific  gravit>'  of  a  soil,  or  the  relation  of  I 
weight  to  that  of  water,  may  be  ascertained  by 
ducing  into  a  phial,  which  will  contain  a  knowti  qtiar 
of  water,  equal  volumes  ot  water  and  of  soil ;  and  tnia  n 
be  easily  done  by  pouring  in  water  till  it  is  half  full,  i 
then  adding  the  soil  till  the  fluid  rises  to  the  mouth  ;  the 
ditference  between  the  weight  of  the  soil  and  that  of  the 
water,  will  give  the  resulu  Thus  if  the  bottle  coruabis 
four  hundred  grains  of  water,  and  gains  two  hundred 
grains  when  h^f  filled  with  water  and  half  with  soil,  the 
specific  gravity  of  the  soil  will  be  2,  that  is,  it  will  be 
twice  as  heavy  as  water,  and  if  it  gained  one  hundred  and 
sixl\.fivc  grains,  its  specific  gravity  would  be  1823,  watrr 
being  lOOO. 

It  is  of  importance,  that  the  specific  gravity  of  a  soil 
should  be  known,  as  it  affords  an  indication  of  the  quan- 
tity of  animal  and  vegetable  matter  it  contains;  these 
substances  being  always  most  abundant  in  the  lighter 
soils. 

The  odier  physical  properties  of  soils  should  likewise 
be  examined  before  the  analjsis  is  made,  as  they  denote, 
to  a  certain  extent,  their  composition,  and  serve  as  guides 
in  directing  the  experiments.  Thus  silicious  soils  arc 
generally  rough  to  the  touch,  and  scratch  gbss  when 
rubbed  upon  it  ;  aluminous  soils  adhere  stronglj  to  the 
tongue,  and  emit  a  strong  carth\  smell  when  brtaihed 
on ;  and  calcareous  soils  are  soft,  and  much  less 
than  aluminous  soils. 


4HAP.  kV*  iJiALTSlS  •?  SOILS*  401 


V.  MoJk  ofoiurtmnkig  the  Quantity  of  Water  of  Absorp- 
tion inSoiis, 

SoilS)  though  as  dry  as  diey  can  be  made  by  continued 
exposure  to  air,  in  aJl  cases  still  contain  a  considerafaie 
quantity  of  water,  which  adheres  with  great  obstinacy  to 
die  earths  and  animal  and  vegetable  matter,  and  can  only 
be  driven  off  from  them  by  a  considerable  de^e  of  heat* 
The  first  process  of  analysis  is,  to  free  the  given  weight 
of  soil  fr(^  as  much  of  diis  water  as  potoiUe,  without  in 
ether  respetts  affecting  its  composition ;  and  this  may  be 
done  by  headng  it  for  ten  or  twelve  minutes  over  an  Ar- 
gand*s  lamp,  in  a  bason  of  porcelain,  to  a  temperature 
equal  to  300*  Fahrenheit ;  and  in  case  a  tfaennometer 
is  not  used,  the  proper  degree  may  be  easily  ascertained, 
by  keeping  a  piece  of  wood  in  contact  with  the  bottom 
of  the  dish ;  as  long  as  the  colour  of  the  wood  remainB 
unaltered,  the  heat  is  not  too  high ;  but  when  the  wood 
begins  to  be  charred,  the  process  must  be  stopped*  A 
small  quantity  of  water  will  perhaps  remain  in  the  soil 
even  after  this  operation,  but  it  always  afibrds  useful  coai» 
parative  results ;  and  if  a  higher  temperature  were  em- 
ployed, the  vegetable  or  animal  matter  would  undeigo 
decomposition,  and  in  consequence  the  experiment  be 
wholly  unsatisfactory. 

The  loss  of  wei^t  in  the  process  should  be  carefully 
noted ;  and  when  in  four  hundred  grains  of  soil  it  reacboi 
as  high  as  50,  the  soil  may  be  considered  as  in  the  great- 
est degree  absorbent,  and  retentive  of  water,  and  will  ge- 
nerally be  found  to  contain  a  large  proportion  of  alumW 
nous  earth.  When  the  loss  is  only  from  20  to  10,  the  land 
may  be  considered  as  only  slightly  absorbent  and  reten- 
tive, and  the  silicious  earth  as  most  abundant* 

^  In  several  dperiments,  in  which  this  proceit  haa  been  carried  oo  hf 
diitiUation,  I  have  found  the  water  that  came  over  pure,  and  no  tcniible 
quantity  of  other  vohtile  matter  was  produced. 
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VL  Of  Ike  Separation  of  Stones,  Gravel,  and  vegetable 
Fibres,  from  Soilt- 

None  of  the  loose  stones,  gravel,  or  large  vegetable  fibres, 
should  be  divided  from  the  pure  soil  till  after  the  water 
is  drawn  off;  for  these  bodies  are  themselves  often  highly 
absorbent  and  retentive,  and  in  consequence  influence  the 
fertility  of  the  land.  The  next  process,  however,  af 
dial  of  heuting,  should  be  their  separation,  which 
be  easily  accomplished  by  the  sieve,  after  the  Botl 
been  gently  bruised  in  a  monar.  The  weights  of  the 
getable  fibres  or  wood,  and  of  the  gravel  and  atones, 
should  be  separately  noted  down,  and  the  nature  of  die 
last  ascertained;  if  calcareous,  they  will  eflfervesce  with 
acids  [  if  silicious,  they  will  be  sufficiently  hard  to  scratch 
glassy  and  if  of  the  common  aluminous  class  of  stones, 
they  will  be  soft,  easily  scratched  with  a  knife,  and  inca- 
pable of  effeiTcscing  with  acids. 


e  the 


VIL  Separation  of  the  Sand  and  Clay,  i 
other. 


gravctaiK!  stonM,^^H 
sand  of  diflfcrent     ^ 


The  greater  number  of  soils,  besides  gravctaiK! 
contain  larger  or  smaller  proportions  of  sand  of  diflTcrffnt 
degrees  of  fineness ;  and  it  is  a  necessar)'  operation,  the 
next  in  the  process  of  analysis,  to  detach  them  from  the 
parts  in  a  state  of  more  minute  division,  such  as  clay, 
loam,  marl,  and  vegetable  and  animal  matter.  I'his 
may  be  effected  in  a  way  sufficiently  accurate,  by  agita- 
tion of  the  soil  in  water.  In  this  case,  the  coarse  sand 
will  generally  separate  in  a  minute,  and  the  finer  in  two 
or  three  minutes,  whilst  the  minutely  divided  earthy,  ani- 
mal, or  vegetable  matter,  will  remain  in  a  state  of  mecha- 
nical suspension  for  a  much  longer  time ;  so  that,  by 
pouring  the  water  from  the  bottom  of  the  vessel,  after 
one,  two,  or  three  minutes,  the  sand  will  be  principally 
separated  from  the  other  substances,  which,  with  the  wa- 
ter containing  them,  must  be  poured  into  a  filter,  and  af- 
ter the  water  has  passed  through,  collected,  dried,  and 
Weighed.  The  sand  must  likewise  be  weighed,  and  their 
respective  quantities  noted  down.     The  water  of  futivia- 
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^on  must  be  preserved,  as  it  will  be  found  to  contain  die 
saline  matter,  and  die  soluble  animal  or  vegetable  matters, 
if  any  ^xtst  in  the  soil. 


VIIL  Examination  of  the  Sand. 

By  the  process  of  washing  and  filtration,  the  soil  is  se- 
-parated  into  two  pordons,  the  most  important  of  which 
is  generally  the  finely  divided  matter.  A  minute  analy- 
sis of  the  sand  is  seldom  or  never  necessary,  and  its  na- 
ture may  be  detected  in  the  same  manner  as  that  of  the 
stones  or  gravel.  It  is  always  either  silkious  sand,  or 
calcareous  sand,  or  a  mixture  of  both.  If  it  consist 
wholly  of  carbonate  of  Hme,  it  will  be  rapidly  soluble  in 
muriatic  acid,  with  effervescence ;  but  if  it  consist  part- 
ly of  this  substance,  and  partly  of  silicious  matter,  the 
respective  quantities  may  be  ascertained  by  weighing  the 
residuum  sdter  the  action  of  the  acid,  which  must  be  ap- 
plied dn  the  mixture  has  acquired  a  sour  taste,  and  has 
ceased  to  effervesce.  This  residuum  is  the  silicious  part : 
it  must  be  washed,  dried,  and  heated  strongly  in  a  cru- 
cible ;  the  difference  between  the  weight  of  it  and  the 
weight  of  the  whole,  indicates  the  proportion  of  calca- 
reous sand. 


IX.  Examination  ofthejmehf  iSmded  Matter  of  Soils ^  and 
Mode  of  detecting  mild  Lime  and  Magnesia, 

The  finely  divided  matter  of  the  soil  is  usually  Very 
compound  in  its  nature;  it  sometimes  contains  all  the 
four  primitive  earths  of  soils,  as  well  as  animal  and  vege- 
table matter;  and  to  ascertain  the  proportions  of  these 
with  tolerable  accuracy,  is  the  most  difficult  part  of  the 
subject. 

The  first  process  to  be  perfonhed,  in  this  part  of  the 
analysis,  is  die  e:qK>sure  of  the  fine  matter  of  the  soil  to 
the  acdon  of  the  muriadc  acid.  This  substance  should 
be  poured  upon  the  ^earthy  matter  in  an  evaporating  ba- 
son, in  a  quantity  equal  to  twice  the  weight  of  the  earthy 
matter,  but  diluted  with  double  its  volume  of  water. 
The  mixture  should  be  often  stirred,  and  suffered  to  re- 
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maiii  for  an  hour,  or  an  hour  and  a  half,  before  it  u  esiH 
mintcL 

If  any  catbonate  of  lime,  or  of  magnesia,  exist  in  the 
soil,  they  will  have  been  tliasolvcd  in  this  time  by  the  acid) 
which  sometimes  takes  up  likewise  a  little  oxide  of  iron, 
but  very  seldom  any  ahimine. 

The  fluid  should  be  passed  through  a  filler;  the  solid 
matter  collected,  washed  with  rain  w.>tir,  diied  at  a  mo- 
derate he»t,  and  weighed.  Its  loss  will  denote  the  quan- 
titj  of  solid  mailer  taken  up.  Tlit  washings  must  be 
added  to  the  solution,  which,  il  not  sour  to  the  taste, 
must  be  m;ide  so  by  the  aclditJon  of  fresh  acid,  when  k 
little  solution  of  common  pruasiaie  of  pota&h  must 
mixed  widi  ihe  whole.  II  a  blue  precipitate  occurs, 
denotL's  the  presence  of  oxi<k'  of  iron,  and  die  solutios" 
of  the  prussiate  must  be  dropped  in  till  no  fariher  effect 
is  produced.  To  ascertain  its  quantit}',  it  must  be  col- 
lecittd  in  the  same  manner  as  other  solid  precipitates,  and 
heated  red  ;  the  result  is  oxide  of  iron. 

Into  the  fluid,  fieed  from  oxide  of  iron,  a  solution  ol 
neutralized  carbonate  of  potash  must  be  poiu-ed  till  all 
effervescence  ceases  in  it,  and  till  its  taste  and  smell  indi- 
cate a  considenible  excess  of  alkaline  snlt- 

The  precipitate  tliat  falls  down  is  carbonate  of  lime  ;  iti 
must  be  collected  on  the  filter,  and  dried  at  a  heat  below 
that  of  redness. 

The  remaining  fluid  must  be  boiled  for  a  quarter  of  an 
hour,  when  the  magnesia,  if  any  exist,  will  be  precipita- 
ted from  it,  combined  with  caibonic  acid,  and  its  <]uan> 
titv  is  to  be  ascertained  in  the  same  manner  as  that  of  the 
carbonate  of  lime. 

If  any  minute  proportion  of  alumine  should,  from  pe- 
culiar circumsunccfl,  be  dissolved  by  the  acid,  it  will 
be  found  in  the  precipitate  with  the  carbonate  of  Vimc, 
and  it  ma}'  be  separated  from  it  by  boiling  for  a  few  nu- 
nules  with  soap-lye,  suffineiu  to  cover  the  solid  matter. 
—This  substance  dissolves  alumine,  without  acting  upon 
carimoate  of  lime. 

Should  the  finely  divided  eotl  be  sufficiently  calcareous 
to  effervesce  very  strongly  with  acids,  a  vtr)  simple  me- 
thod may  be  adopted  for  ascertaining  the  ijuantity  of 
carbnnate  of  lime,  and  one  sufficicndy  accurate  in  all 
common  cases. 


m 
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CafboflAte  of  lime^  in  «U  its  states,  contains  a.deteiv 
minate  proporUon  of  carbonic  acid,  i.  e.  about  45  per 
cent»;  so  that  when  tha  quantity  of  this  elastic  fluid, 
given  out  by  any  soil  during  the  solution  of  its  calcare^ 
ous  nuOter  in  an  acid,  is  known,  either  in  wjeight  or  mca^ 
sure,  the  quantity  of  carbonate  of  lime  may  be  easily  dis« 
covered. 

When  the  process  by  diminution  of  weight  is  emplo)'- 
ed,  two  parts  of  the  acid,  and  one  part  of  the  matter  of 
the  soil,  must  be  weighed  in  two  separate  bottles,  and 
vei '  slowly  mixed  together  till  the  effervescence  ceases  -, 
the  difference  between  their  weight  before  and  after,  the 
experiment,  denotes  the  quantiU'  of  carbonic  acid  lost^ 
for  every  four  graioa  and  a  half  of  which,  ten  ^  grains  of 
carbonate  of  lime  must  be  estimated* 

The  best  method  of  collecting  the  carbonic  acid,  so  as 
to  discover  its  volume,  is  by  the  pneumatic  apparatus, 
the  construction  and  application  of  which  is  described  at 
the  end  of  this  paper*  The  estimation  is,  for  every 
ounce  measure  oi  carbonic  acid,  two  grains  of  carbonate 
of  lime. 


X.  JUhik  ofoBcertmnirngthe  ^antity  of  insoluble  finely  di- 
vided Animal  and  vegetable  Matter* 

After  the  fine  matter  of  die  soil  has  been  acted  upon 
by  muriatic  acid,  the  next  process  is  to  ascertain  the 
quantity  of  finely  divided  insoluble  animal  and  vegetable 
matter  that  it  contains. 

This  may  be  done  with  sufficient  precision,  by  heating 
it  to  strong  igmtion  in  a  crucibk  over  a  common  fire  till 
no  blackness  remains  in  die  mass.  It  should  be  often 
stirred  with  a  metallic  wire,  so  as  to  expose  new  surfaces 
continudly  to  the  air  ;  the  loss  of  weig^  that  it  under- 
goes denotes  die  quantity  of  the  substance  that  it  con- 
tains destructible  by  fire  and  air. 

It  is  not  possible  to  ascertun  whether  this  substance  is 
wboHy  animal  or  vegttable  matter,  or  a  mixture  of  both. 
When  the  smell  emitted  during  the  incineration  is  simi- 
lar to  that  of  burnt  feathers,  it  is  a  certain  indication  of 
some  animal  matter;  and  a  copious  blue  flame  at  the 
time   of  ignition,  almost  always  denotes  a  considerable 


proportion  of  vegetable  matter.  In  cases  when  the  rx- 
pcriment  is  needtd  to  be  very  quickly  performed,  the  de- 
atniction  of  the  decomposil^c  substances  may  be  asust- 
ed  by  the  agency  of  nitrate  of  ammoniac,  which  at  the 
time  of  ignition,  may  be  thrown  gradually  upon  the  heat- 
ed mass,  in  the  quantity  of  twenty  grains  for  every  hutu 
drcd  of  residual  soil.  It  alTords  the  principle  necesaacy 
to  the  combustion  of  the  animal  and  vegetable  matter. 
which  it  causes  to  be  converted  into  clastic  flitids; 
itself  at  the  same  time  decomposed  and  lost. 


1 

ion  of 


XI.  Mode  of  nepnrating  Aluminotu  cnid  SHicioua  Matt 
and  Oxide  of  Iron . 


The  substances  remaining  after  the  decomposition  \ 
the  vegetable  and  animal  matter,  arc    generally   minute 
particles  of  earthy  matter,  containing  usually  alum  inc  and 
silex  with  combined  oxide  of  iron. 

To  separate  these  from  each  other,  tlie  solid  matter 
should  be  boiled  for  t^vo  or  three  hours  with  sulphuric 
acid,  diluted  with  four  times  its  weight  of  water  ;  the 
quantity  of  the  acid  should  be  regulated  by  ihe  quantity 
of  solid  residuum  to  be  acted  on,  allowing  for  every 
hundred  grains  two  drachms,  or  one  hundred  and  twenty 
grains  of  acid. 

The  substance  remaining  after  the  action  of  the  acid, 
may  be  considered  as  siUcious  ;  and  it  must  be  separated, 
and  its  weight  ascertained,  after  washing  and  drjing  iu 
the  usual  manner. 

Tlie  alumine  and  the  oxide  of  iron,  if  any  exist,  arc 
both  dissolved  by  the  sulphuric  acid ;  they  may  be  sepa- 
rated by  carbonate  of  ammoniac,  added  to  excess  -,  it 
throws  down  the  alumine,  and  leaves  the  oxide  of  iron  in 
solution,  and  this  substance  may  be  separated  from  the 
liquid  by  boiling. 

Should  any  magnesia  and  lime  have  escaped  solution  in 
the  muriatic  acid,  they  will  be  found  in  the  sulphuric 
acid  ;  this,  however,  is  scarcely  ever  the  case ;  but  the 
process  for  detecting  thera  and  ascertaining  ibeir  quano- 
ties,  is  the  same  in  both  instances. 

The  method  of  analysis  by  sulphuric  acid,  is  sufficient, 
ly  precise  for  all  usual  experiments;  but  if  verj-  great  ac- 
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curacy  be  an  object,  dry  carbonate  of  potash  must  be  em- 
ployed as  the  agent,  and  the  residuum  of  the  inciherauon 
miust  be  heated  red  for  a  half  hour,  with  four  times  its 
weight  of  this  substance,  in  a  crucible  of  silver,  or  of  well 
baked  porcelain*  The  mass  obtained  must  be  dissolved 
in  muriatic  acid,  and  the  solution  evaporated  till  it  is 
neaiiy  solid ;  distilled  water  must  then  be  added,  by 
which  the  oxide  of  iron  and  all  the  earths,  except  silex, 
will  be  dissolved  in  combination  as  muriates.  The  silex, 
after  the  usual  process  of  lixiviation,  must  be  heated  red  ; 
the  other  substances  may  be  separated  in  the  same  man- 
ner as  from  the  muriatic  and  sulphuric  solutions. 

This  process  is  the  one  usually  employed  by  chemical 
philosophers  for  the  analysis  of  stones. 


XII.  Mode  of  discovering  Soluble  Animal  and  Vegetable  Mat- 
ter ^  and  Saline  Matter, 

If  any  saline  matter,  or  soluble  vegetable  or  animal 
matter,  is  suspected  in  the  soil,  it  will  be  found  in  the 
water  of  lixiviation  used  for  separating  the  sand. 

This  water  must  be  evaporated  to  dryness  in  an  appro- 
priate dish,  at  a  heat  below  its  boiling  point. 

If  the  solid  matter  obtained  is  of  a  brown  colour,  and 
inflammable,  it  may  be  considered  as  partly  vegetable  ex- 
tract. If  its  smell,  when  exposed  to  heat,  be  strong  and 
fetid,  it  contsuns  animal  mucilaginous  or  gelatinous  sub- 
stance ;  if  it  be  white  and  transparent,  it  may  be  consi- 
dered as  principally  saline  matter.  Nitrate  of  potash 
(nitre)  or  mtrate  of  lime,  is  indicated  in  this  saline  mat- 
ter, by  its  scintillating  with  a  burning  coal.  Sulphate  of 
magnesia  may  be  detected  by  its  bitter  taste ;  and  sul- 
phate of  potash  produces  no  alteration  in  solution  of 
carbonate  of  ammoniac,  but  precipitates  solution  of  mu- 
riate of  barytes. 


XIII.  Mode  of  detecting  Sulphate  of  Lime  (GypmmJ  and 

Phosphate  of  Lime  in  Soils. 

Should  sulphate  or  phosphate  of  lime  be  suspected  in 
the  entire  soil,  the  detection  of  them  requires  a  particular 
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process  upon  iL  A  given  weight  of  it,  for  ioBtaoce  lour 
huadr>:d  grains,  must  be  heated  red  for  half  an  hour  in  i* 
crucible  mixed  with  one-third  of  powdered  charcoal.  The 
mixture  must  be  Ixtiled  for  a  quarter  of  an  hour,  in  a  half 
|nni  of  water,  and  the  fluid  collected  through  the  filter, 
and  exposed  for  some  days  to  the  atmosphere  in  an  open 
vessel.  If  any  solubli:  quantity  of  sulphate  of  lime  (gyp- 
sum) existed  in  the  soil,  a  white  prtcipitate  will  gradual- 
ly form  in  the  fluid,  and  the  weight  of  it  will  indicate  the 
proportion. 

Phosphate  of  lime,  if  any  exist,  may  be  separated  from 
the  soil  after  the  process  for  gypsum.  Muriatic  acid 
must  be  digested  upon  the  soil,  in  quantity  more  dian 
sufficient  to  saturate  the  soluble  emhs  i  the  solution 
must  be  evaporated,  and  water  poured  upon  the  solid 
matter.  This  fluid  will  dissolve  the  compounds  of  earths 
with  the  muriatic  acid,  and  leave  the  phosphate  of  lime 
untouched. 

It  would  not  fall  within  the  limits  assigned  to  this  pa- 
per, to  detail  any  processes  for  the  detection  of  substan- 
ces which  may  be  accideotall)'  mixed  with  the  matters  ot" 
soils.  Manganese  is  now  and  then  found  in  them,  and 
eompotmds  of  the  barytic  earth ;  but  these  bodies  appear 
lo  bear  little  relation  to  fertility  or  barrenness,  and  the 
search  for  them  would  make  the  analysis  much  more 
complicated  without  rendering  it  more  useful. 


XIV.  Statement  of  Results  and  Products. 


When  the  examination  of  a  soil  is  completed, 
products  should  be  classed,  and  their  quantities  adi 
together,  and  if  they  nearly  equal  the  original  quanti__, 
of  soil,  die  analysis  may  be  considered  aa  accurate.  It 
must,  however,  be  noticed,  that  when  phosphate  or  sul- 
phate  of  lime  are  discovered  by  the  independent  process 
Xllf.,  a  correction  must  be  made  for  the  genei^  pro- 
cess, by  subtracting  a  sum  equal  to  their  wci^t  from  the 
quantity  of  carbonate  of  lime,  obtained  by  precipiiiHioa 
from  the  muriatic  acid. 

In  arranging  the  products,  the  form  should  be  in 
order  of  the  experiments  by  which  they  are  obtamed- 
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Thud  400  grains  of  a  good  silicious  sandy  soil  may  be 
supposed  to  contain 

Grains. 
Of  water  of  absorption  -  -  -  -  -  18 
Of  loose  stones  and  gravel,  principally  silicious  -  42 
Of  undecompounded  vegetable  fibres  -  -  10 
Of  fine  silicious  sand  .....  200 
Of  miiiutely  divided  matter  separated  by  filtra- 

ticm,  and  consisting  of 
Carbonate  of  lime        ....         25 
Carbonate  of  magnesia         ...  4 

Matter  destnicdble  by  heat,  principally  ve- 
getable       .....         10 

Silex 40 

Alumine  -...-.  32 
Oxide  of  iron  .....  4 
Soluble  matter,  principally  sulphate  of  pot- 
ash and  vegetable  extract  .  .  5 
Gypsum  -  -  •  -  -  -  3 
Phosphate  of  lime     '   -         ...        2 

125 

Amountof  an  the  products        395 
Loss        ....  5 

In  tUs  instance  the  loss  is  supposed  small ;  but  in  general, 
in  actual  experiments,  it  will  be  found  much  greater,  in 
consequence  of  the  difficulty  of  collecting  the  whole 
quantities  of  the  different  precipitates ;  and  when  it  is 
within  thirty  for  four  hundred  grains,  there  is  no  reason 
to  suspect  any  want  of  due  precision  in  the  processes. 


•XV.  Thh  general  Method  of  Analysis  may^  in  many  Cases^ 

he  much  simplified. 

When  the  experimenter  is  become  acquainted  with  die 
use  of  the  different  instruments,  the  properties  of  the  re- 
agents, and  the  relations  between  the  external  and  che- 
mical Qualities  of  soils,  he  will  seldom  find  it  necessary 
to  perform,  in  any  one  case,  all  the  processes  that  have 
been  described.  When  his  soil,  for  instance,  contains 
no  notable  proportion  of  calcareous  matter,  the  action  of 
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the  muiiaiic  acJil    IX.  may  be  omitted.      In  examining 
peal  soils,  he  will  principally  have   lo  altencl  to  the 
raiioii  by  fire  and  air  X. ;  and  in  the  analysis  of  chi 
iind  loams,  he  will   often  be  able  to  omit  ihc  experii 
by  sulphuric  acid  XI. 

In  the  first  triab  that  are  made  by  pereons  unacqi 
td  with  chemistri",  they  must  not  expect   much  precit 
of  result.     Many  difficulties  will  be  met   with  ;  but,  i 
overcoming    them,   the    most    useful    kind  of  pmct'  ' 
knowledge  will  be  obtained  ;  and   nothing  is  so  insi 
tive  in  experimental  science,  as  the  detection  of  mistaki 
The  correct  analyst  ought  to  be  well  grounded  in  gem 
chemical  information  ;    but    perhaps   there 
mode  of  gaining  it,  than  that  of  attempting  origioal 
vcstigations.       In  pursuing  his   experiments,  he  will 
continually   obliged  to  learn    from  books,  the  history 
the  substances  he  is  employing  or   acting  upon ;  and  hit 
theoretical  ideas  will  be   more  vatualile  in  being  connect- 
ed with  practical  operation,  and  acqiured  for  the  pi 
of  discovery. 
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XVI.  On  the  Im/irovement  of  Soils,  an  connected  xuith 
Principle  of  their  Compesilion. 

In  cases  when  a  barren  soil  is  examined  with  a  view  to 
its  improvement,  it  ought,  in  all  cases,  if  possible,  to  be 
compared  with  an  extremely  fertile  soil  in  the  same 
neighbourhood,  and  in  a  similar  situation  :  the  difference 
given  by  their  analysis  would  indicate  the  methods  ol' 
cultivation;  and  thus  the  plan  of  improvement  would  bi; 
founded  upon  accurate  scientific  principles. 

If  the  fertile  soil  contained  a  large  quanbly  of  sand,  in 
proportion  to  the  barren  soil,  the  process  of  amelioration 
would  depend  simply  upon  a  supply  of  Ais  substance  ; 
and  the  method  would  be  equally  simple  with  regard  to 
soils  deficient  in  clay  or  calcareous  matter. 

In  the  application  of  clay,  sand,  loam,  marl,  or  chalk, 
to  lands,  there  are  no  particular  chemical  principles  to 
be  observed  ;  but  when  quick-lime  is  used,  grejl  care 
must  be  taken  that  it  is  not  obtained  from  the  magimiai) 
limestone ;  for  in  this  case,  as  has  been  shewn  by  Mr. 
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Tennant,  it  is  exceedingly  injurious  to  land.^  The  mag- 
nesian  limestone  n^ay  be  distinguished  from  the  common 
limestone  by  its  greater  hardness,  and  by  the  length  of 
time  that  it  requires  for  its  solution  in  acids  ;  and  it  may 
be  analyzed  by  the  process  for  carbonate  of  lime  and 
magnesia,  IX* 

When  the  analytical  comparison  indicates  an  excess  of 
vegetable  matter,  as  the  cause  of  sterility,  it  may  be  de- 
stroyed by  much  pulverization  and  exposure  to  air,  by 
paring  and  burning,  or  the  agency  of  lately  made  quick- 
lime.  And  the  defect  of  animsd  and  vegetable  matter 
must  be  supplied  by  animal  or  vegetable  manure. 


XVII.  Sterile  SoUs  in  different  Climates  and  Situations 

must  dijfer  in  Composition. 

The  general  indications  of  fertility  and  barrenness,  as 
found  by  chemical  experiments,  necessarily  must  differ  in 
different  ctimates,  and  under  different  circumstances.  The 
power  of  soils  to  absorb  moisture,  a  principal  essential  to 
their  productiveness,  ought  to  be  much  greater  in  warm 
and  (hy  countries,  than  in  cold  and  moist  ones ;  and  the 
quantity  of  fine  aluminous  earth  they  contain  larger. 
Soib,  likewise,  that  are  situated  on  declivities,  ought  to 
be  more  absorbent  than  those  in  die  same  climate  on  plains 
or  in  vallies^t  The  productiveness  of  soils  must  likewise 
be  influenced  by  the  nature  of  the  subsoil,  or  the  earthy 
or  stony  strata  on  which  they  rest;  and  this  circum- 
stance ought  to  be  particularly  attended  to,  in  consider- 
ing their  chemical  nature,  and  the  system  of  improve- 
ment. Thus  a  sandy  soil  may  sometimes  owe  its  fertili- 
ty to  the  power  of  the  subsoil  to  retain  water ;  and  an 
absorbent  clayey  soil  may  occasionally  be  prevented  frgm 
being  barren,  in  a  moist  climate,  by  the  influence  of  a 
substratum  of  sand  or  gravel. 


*  Phil.  Tram,  for  1799,  p.  305.    This  limestone  is  found  abundantly  in 
Yorkshire,  DerbTshire,  and  Somenetshire. 
4  Kirwan,  Trans.  Irish  Academy.  Vol  V.  p.  175. 
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XVIII.  OJ  the  Chemical  ComposUion  ef  fertile  C 
in  this  Climate. 


Those  soils  that  are  most  productive  of  corn,  contain 
always  certain  proportions  of  aluminous  and  calcareous 
earth  in  a  finely  divided  state,  and  a  certain  r]uantiiy  of 
vegetable  or  animal  matter.  ~ 

The  quantity  of  calcareous  earth  is  however  vcr>' 
rious,  and  in  some  cases  exceedingly  small.  A  very 
tile  com  soil  from  Ormiston,  in  East  Lothian,  alTori 
me,  in  an  hundred  parts,  only  eleven  parts  of  mild  calca- 
reous earth  ;  it  contained  twenty-five  parts  of  silicious 
sand ;  the  finely  divided  clay  amounted  to  fortv-fivc 
parts.  It  lost  nine  in  decomposed  animal  and  vegetable 
matter,  and  four  in  -water,  and  aiibrded  indications  of  a 
small  quantity  of  phosphate  of  lime. 

This  soil  was  of  a  very  fine  texture,  and  contained  very 
few  stones  or  vegetable  fibres.  It  is  not  unlifaely  that  its 
fertility  was  in  some  measure  connected  willt  the  f>ho&- 
phate;  for  this  subiitance  is  found  in  wheat,  oats,  and 
barley,  and  may  be  a  part  of  their  food. 

A  soil  from  the  low  lands  of  Somersetshire,  celebnibed 
for  producing  excellent  crops  of  wheat  luid  beans  witli- 
out  manure,  I  found  to  consist  of  one-ninih  of  sand, 
chiefly  silicious,  and  eight-ninths  of  calcareous  marl, 
tinged  with  iron,  and  containing  about  five  paru  in  the 
hundred  of  vegetable  matter.  I  could  not  detect  in  it 
any  phosphate  or  sulphate  of  lime,  so  thai  its  fertitit\' 
must  have  depended  principally  upon  its  power  of  at- 
tracting princi[Hes  of  vegetable  nourishment  from  water 
and  the  atmosphere.* 

Mr.  Tiilet,  in  some  experiments  made  on  the  composi- 
tion of  soils  at  Paris,  fuuud  that  a  soil  composed  of  three- 
eighths  of  clay,  two-eighths  of  rivtr  sand,  and  three- 
eighths  of  the  parings  of  linicstone-,  was  verv  proper  iiu- 
whcaL 
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XIX.  Of  the  Compontim  of  Soils  proper  fir  buttmuM  Sooi9 

and  for  Trees* 

In  genera^  bulbous  foots  require  a  soil  much  more 
ssody^andleflB  absorbent,  than  the  grasses.  .  A  veiy'^good 
potaioe  soil,,  from  Varfel,  in  Cornwall,  afibrded  me  seven- 
eighdis  of  silicious  sand ;  and  its  absorbent  power  was  so 
small,  that  one  hundred  parts  lost  only  two  by  drying  at 
400^  Fahrenheit. 

Plants  and  trees,  the  roots  of  which  are  fibrous  and 
hard,  and  capable  of  penetrating  .deep  into  the  earth, 
will  vegetate  to  advantage  in  almost  all  common  soils, 
which  are  moderately  dr^,  and  which  do  not  contain  a 
very  great  excess  of  vegetable  matter. 

I  round  the  soil  taken  from  a  field  at  Sheffield-place,  in. 
Sussex,  remarkable  for  producing  floiu-ishing  oaks,  to 
coDsbt  of  six  parts  of  sand,  and  one  part  of  cbnr.and 
finely  divided  matter ;  and  one  hundred  parts  of  the  en-' 
ure  soil,  sidunitted  to  aoalysia,  produced, 


Water 

- 

Z  parts 

Sikx 

- 

54 

Alumine 

., 

28 

Cacbonateof  lime 

—        * 

3 

Oxide  of  iron 

•        « 

5 

Deccxnpoung  vegetable  matter 

4 

Loss 

- 

-      S 

XX.  AtbcaUages  of  Improvements  made  by  changing  the 
Composition  of  Earthy  parts  ofSoihm 

ViKKDk  tbe.  great  difference  of  the  causes  that  influence 
tbe  productiveness  of  lands,  it  is  obvious,  that,  in  the  pre- 
sent, stale  of  science,  no  certain  system  can  be  devised 
for  their  improvement,  independent  of  experiment ;  but 
there  are  few  cases  in  which  the  labour  of  analytical  trials 
will  not  be  amply  repaid  by  the  certainty  with  which  they 
denote  the  best  methods  of  ameliorauon ;  and  thb  will 
particularly  happen,  when  the  defect  of  composition  is 
found  in  the  proportions  of  the  primitive  earths. 

In  supplying  animal  or  vegetable  manure,  a  temporary 
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food  oil])'  is  provided  for  plants,  which  is  in  all  caws  ex- 
liausted  by  means  of  a  certain  number  of  crops  ;  but 
when  a  soil  is  rendered  of  the  best  possible  constitution 
and  texture,  with  regard  to  its  eailhy  parts,  its  fertility 
may  be  considered  as  permanently  established.  It  be- 
comes capable  of  attracting  a  very  large  portion  of  vege- 
table nourishment  from  the  atmosphere,  and  of  produc- 
ing its  crops  with  comparatively  little  labour  and  Cl^ 
pence.  ^H 


Description  of  the  Apparatus  for  the  Analysis  of  Soitt, 

PL  IV.  fig.  44. ;  a,  b,  c,  rf,  e,f.  The  different  parts  of 
the  apparatus  required  for  measuring  the  quantity  of 
elastic  fluid  given  out  during  the  action  of  an  acid  on 
calcareous  soils,  a.  Hepresents  the  botde  for  containing 
the  soil ;  b,  the  bottle  containing  the  acid,  furnished  with 
a  stop-coclc  i  c,  the  tube  connected  with  a  flaccid  blad- 
der i  (/,  f,  the  graduated  measure  ;  c,  the  botde  for  con- 
taining the  bladder.  When  this  instrument  is  used,  a 
given  quantity  of  soil  is  introduced  into  a;  b,  Is  filled 
with  muriatic  acid,  diluted  with  an  equal  quaiuity  of  wa- 
ter, and  the  stop-cock  being  closed,  is  connected  with 
the  upper  orifice  of  a,  which  is  ground  to  receive  it.  The 
tube  c,  is  introduced  into  the  lower  orifice  of  a,  and  the 
bladder  connected  with  it  placed  in  its  flaccid  state  in  c, 
which  is  filled  with  water.  The  graduated  measure  Is 
placed  under  the  tube  of  e.  When  the  stop-cock  of  f< 
is  turned,  the  acid  flows  into  a,  and  acts  upon  the  soil  ; 
the  elastic  fluid  generated  passes  through  c  into  tlie 
bladder,  and  displaces  a  quantity  of  water  in  c  equal  to 
it  in  bulk,  and  this  water  flows  through  die  tube  into  the 
graduated  measure  ;  the  water  in  which  gives,  by  its  vo- 
lume, the  indication  of  the  proportion  ol  carbonic  acid 
disengaged  from  the  soil  ;  for  every  ounce  measure  of 
which,  two  grains  of  carbonate  of  lime  mav  be  estim 
ted. 
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CHAP.  V. 


MISCELLANEOUS   USES   OF    CHEMICAL   RE-AGENTS* 


1.  Removal  of  ink  stains.  The  stains  of  ink  on  cloth, 
paper,  or  woodf,  may  be  removed  by  almost  all  acids ; 
bat  those  acids  are  to  be  preferred  which  are  least  likely 
to  injure  die  texture  of  the  stained  substance.  The  mu* 
riatic  acid,  diluted  with  five  or  six  times  its  weight  of 
water,  may  be  applied  to  the  spot,  and,  after  a  minute  or 
two,  may  be  washed  off,  repeating  its  application  as  of- 
ten as  may  be  found  necessary.  But  the  vegetable  acids 
are  attended  with  less  risk,  and  are  equally  efiectual.  A 
solution  of  the  oxalic,  citric,  or  tartarous  acids,  in  water, 
may  be  applied  to  the  most  delicate  fabrics,  without  any 
danger  ot  injuring  them ;  and  the  same  solutions  dis- 
charge from  paper,  written,  but  not  printed  ink.  Hence 
they  may  be  employed  in  cleaning  books,  which  have 
been  defaced  by  writing  on  the  margin,  without  impair- 
ing the  text. 

2.  Iron  stains.  These  may  be  occasioned  either  by  ink 
stains,  which,  on  the  application  of  soap,  are  changed  in- 
to iron  stains,  or  by  the  direct  contact  of  rusted  iron. — 
They  may  be  removed  by  diluted  muriatic  acid,  or  by 
one  of  the  vegetable  acids  already  mentioned.  When 
suffered  to  remain  long  on  cloth,  they  become  extremely 
difficult  to  take  out,  because  the  iron,  by  repeated  mois- 
tening with  water  and  exposure  to  the  air,  acquires  such 
an  addition  of  oxygen  as  renders  it  insoluble  in  acids.  I 
have  found,  however,  that  even  these  spots  may  be  dis- 
charged, by    applying  first  a  solution  of  an  alksdine  sul- 
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phurci,  which  iirnst  he  well  washed  from  the  cloth,  and 
afterwards  a  liquid  acid.  The  sulphurei,  in  this  case,  es- 
tracts  pan  of  the  oxygen  from  the  iron,  and  renders  it 
Boluhle  in  dilute  acids. 

3.  Fruit  and  ivine  stains.  These  are  best  removed  by  a 
water)'  solution  of  the  oxygenized  muriatic  acid,  (se« 
Chap.  XIV.  Sec.  1.),  or  by  that  of  oxygenized  muriate 
of  potash  or  lime,  to  which  a  htUe  sulphuric  acid  has 
been  added.  The  stained  spot  may  be  steeped  in  one  of 
these  solutions  till  it  is  discharged  ;  but  the  solution  can 
only  'je  applied  with  salety  to  white  goods,  because  the 
uncombined  oxygenized  acid  discharges  all  printed  and 
dyed  colours.  A  convenient  mode  of  appUing  the  oxy- 
genized acid,  easily  practicable  by  persons  who  have  not 
the  apparatus  for  saturating  water  with  the  gas,  is  as  fol- 
lows i  Put  about  a  table -spoonlul  of  muriatic  acid  (spi- 
rit of  salt)  into  a  tca~cup,  and  add  to  it  about  a  tca.spooO- 


Then  set  this 


cup  II 


alar- 


ful  of  powdered  r 

ger  one  filled  with  hot  water.  Moisten  the  stained  spot 
with  water,  and  expose  it  to  the  fumes  that  arise  from  the 
tea-cup.  If  the  exposure  be  continued  a  sufficient  Length 
of  time,  the  stain  will  disappear. 

Stains  on  sillt  may  be  removed  by  a  watery  solution  of 
sulphurous  acid,  or  by  the  fumes  of  burning  sulphur. 

4.  Spots  of  grease  may  be  removed  by  a  diluted  boIu- 
,tion  of  pure  potash  ;  but  this  must  be  cautiously  applied, 
to  prevent  injury  to  the  cloth.  Staitisof  w^(ritKi»-,  which 
sometimes  fall  upon  the  clothes  from  wax  candles,  are 
removable  by  spirit  of  turpentine  or  sulphuric  ether. — 
The  marks  of  -white  paint  may  also  be  discharged  by  the 
last  mentioned  agents. 


APPENDIX  I. 


DESCRIPTION  OF  THE  PLATES. 


PLATE  L 

Fig.  I.  {*)  A  f  lain  retort^  the  neck  of  which  is  (hewn  introduced  a  pro- 
per leD||th  into  tne  month  of  a  plain  receiver  b.  The  dotted  lines  at  c  mew 
the  receiver  with  the  addition  of  a  tuhulure,  into  which  either  a  ftopper,  or 
bent  glais  tube,  may  be  occasionaUv  fixed. 

Fig.  a.  A  glaft  aUmkic ;  a  the  body,  and  h  the  head,  which  are  ground 
fb  as  to  fit  accurately,  and  may  be  feparated  when  neceflary.  The  head  ^  is  lb 
ihaped,  that  any  hquid,  wmch  may  be  condenled,  collects  into  a  channel, 
and  is  carried  by  the  pipe  e  into  a  receiver. 

Fir.  3.  Afepara»wry  for  feparating  liquids  of  different  fpedfic  gravities. 
It  is  nmiiihed  with  a  ground  ftopper  at  a,  and  a  glais  ftop-cock  at  h.  The 
veflel  is  filled  with  the  liquids  tnat  are  to  be  feparated  (oil  and  water  for 
example)  which  are  allowed  to  ftand  till  the  lighter  has  completely  rifen  to 
the  top.  The  ftopper  a  is  then  removed,  and  the  cock  k  opened,  through 
which  the  heavier  uquid  defcends ;  the  cock  being  (hut,  as  foon  as  the  lighter 
one  is  about  to  flow  out. 

Fig.  4.  A  fflass  veffel,  termed  a  matrafs^  ufefiil  for  effecting  the  folution 
of  bodies,  which  require  heat  before  they  can  be  diffolved,  or  long  continued 
digeftion,  (ee  Chap.  I.  Sec  IT.  The  upper  extremity  of  the  long  neck 
generally  renuuns  cool,  and  allows  the  veffel  and  its  contents  to  be  shaken 
occafionally. 

Fig.  5.  A  glafs  bottle  with  a  very  thin  bottom,  and  a  projecting  ring 
round  the  neck  for  fuipeDding  it  over  a  lamp.  Thefc  gre  ufefiil  for  effecting 
folutiomt  on  a  finall  fade,  f 


Fig.  6.  An  apparatus,  contrived  by  Mr.  Pepys,^r  afiertatHmg  the  fum^ 
thy  of  carbonic  add  t^Jmrgtd  from  any  ftAflance  by  the  odtRtian  of  an  acid.  It 
coniub  of  a  bottle,  clofea  by  a  ground  ftopper.  This  ftopper  is  perforated, 
and  forms  the  lower  part  of  a  tube,  which  is  twifted  into  the  fliape  of  s 
ftill-worm.  In  this  worm,  any  water  that  efcapes  akmg  with  the  gas,  is 
condenfed,  and  fidls  down  igtin  into  the  bottle    The  qpcrimcnt  is  made 

Ggg 


Itrctifclj  u  dcfcribcd.  Chip.  X.  Sec  iv.  Art. 
a  dctcnnincd  at  the  clofe  of  the  cScrvesccncc 

Fig.  7,     Mr.  LxOic'i  difirnflhil  Tbirm^rtrr  ietcinbed.  Chap.  III.  Sec  i. 

Fig.  i,  d,  1*  air  ikirmamtiir,  for  aftcrtuDine  the  Eemperacurc  of  li^uiib. 
It  confiAi  of  a  bottle,  partly  GUcd  with  any  caloureil  liquid,  and  partly  with 
air,  a  glafi  tube  a(  tnuU  bore,  open  al  both  mit,  being  either  ccTnenEed 
or  bermetiully  lealcd  into  the  botUe,  fo  thai  in  lower  citremity  may  nearly 
touch  the  bsttom  of  the  bottle.  The  eipanlion  of  the  included  air,  on  the 
applicatiou  of  heat,  drira  cbe  eolourcd  Cquid  up  the  tube,  and  (o  an  extent 
which  may  be  meahired  by  the  applicatirm  of  a  leal;.  The  fig.  t  u  anothii 
variety  of  the  lame  inntumcnt,  defcribed  Chap.  III.  Sec  L 

Fig.  9.    The  original  air  TbtrmnmHer  of  Sanittrit ;  fee  Chap.  HI.  See,  i. 

Fig.  10.  A  beni  huinel  for  introducing  u<^d>  loco  retorti,  without  foiling 
their  necki. 

Fig.  II.  Ak  aJMer.  The  wider  end  admita  the  neck  of  a  retort;  and 
the  narrower  ii  paUcd  into  the  mouth  of  a  receiver. 

Fig.  It.  A  redion  c>r  an  evaporating  diih  of  Wedgwood'i  ware. 

Fir.  ij.  («)  a  iU-liird  rrlori  luted  lo  t*)  a  a-Hlcd  racmr,  the  pipe  of 
which  enters  mc  neck  of  a  bottle  (.-)  fupportcd  by  a  block  of  wood. 

Fig.  14.  A  itllic/tr  ^.irUlniRg  Ibijini/li:  pavily  tf  llpiid,.  When  fiUrtl 
up  to  a  mark  in  the  THxk,  with  diflilled  -wuct  of  a  given  tdnpcratore,  il 
Oiould  hold  1000,  aooo,  or  any  even  number  of  graini.  TKc  q(]4aitily, 
which  ii  a  found  lo  eonCairi,  of  any  ochcr  liquid  of  the  IiBic  tcAipcTMurc, 
latter.  For  eiamplc,if  il  hoJd  lOOogrvni 
acid,  the  fpccific  glaviiy  of  ibe  latccr  i> 

Fi?.  ij.  A  tube,  blown  in  the  middle  into  3  ball,  for  dropping  liquid). 
The  ball  i>  filled  by  ibe  action  of  the  mouth  applied  to  the  Upper  aril«c, 
while  the  lower  one  ii  immcrfed  in  the  liquid.  To  ibc  former  the  fiMf 
\i  then  applied  ;  and  od  caucioully  removing  it,  the  liquid  i*  cipcUe^  J 

F1g.  lb.  Aglaft  jar,  with  a  lip,  for  decanting  Butdt  from  p 


PLATE  II. 


Fig.  17.    An  appartitui  fur  procuring  giset,  withoDI  the  poUibilil* 
their  efcaping  into  the  room  during  the  proccfj,  a  circumllance  which  u  ef 
able  itnportancc,  wh<^  the  gai  hat  an  unplea&ni  fmell  oidekurioui 
'  "'"""  '  '  ' '     '  '   "    '  .  obnioctr&iim 


Sroperliei.     Suppofe  thai  fulphurcilcd  liydrceeii  gai  it  to  be  obnioctr&iim 
ilpliuret  of  iron  and  diluted  fulphuric  aciii     The  fulpbum  d  iron,  in 
■  u 


:o  the  body  of  the  gat  bolllf 
acid  holder  a  ii  filled  with  the  diluted  oad.  thi 
t  being  Ihut,  and  it  then  filed  into  the  tubulore  of  the  gat  bonU,  to  w1 
it  il  accurately  adapted  by  grinding.  The  bent  lube  J  iKJng  made  to  la  _  , 
naie  under  a  receiver  iUed  with,  and  inverted  in  water,  the  perforated  cn4c 
t  a  gradually  opened,  in  confequence  of  which  the  acid  defcendi  into  tin 
eat  bottle;  and  4a>on  the  fulphuret  of  iron.  If  it  be  limnd  necellary  to  [«kw 
Die  add,  without  difturhlog  the  apparatus,  thit  may  be  done  ai  hiUowa. 
The  cock  t  being  Ihui,  the  Aopper,  which  clofet  the  add  holder,  may  be 
removed,  and  frm  acid  be  poured  in,  ihrough  the  aperture  Thit  may  be 
repeated  at  often  at  ii  found  neceflary.  The  add  holder  may  be  adrantage- 
oully  adapted,  alfo,  to  a  retort  (or  certain  diHiUationt,  fuch  at  that  of  mo- 
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For  ordioAry.pttrpofci  ffuch  m  obtaining  hydrogen  ntfrpm  idiluted  folpha- 
ric  add  and  iron  nlings)  this  apparatus  anfwers  perfectly  well,  and  u  much 
UA  coftljr*  It  is  frequently  made  with  a  tnbulure  and  glaft  ftopper,  and  is 
.  lb«n  called  a  tubuhted  gas  bottle. 

Fig.  19.  A  gas  funnel,  afeful  in  transferring  any  gas,  from  a  wide-mouth- 
ed vdSel  into  a  jar  of  narrower  diameter,  or  into  a  bottle.  When  employed 
§0f  this  purpole,  it  is  held  iuYerted,  as  ihewn  by  the  figure,  the  pipe  being 
■  admiftrd  lAto  the  mrtnre  of  the.bottle  or  jar,  which  u  filled  with  and  in- 
verted in  water,  ana  the  m  being  made  to  pafs  into  it  in  bubbles. 

i^.  aa  Dr.  Hope's  Eudiometer.  The  manner  of  ufing  it  has  already 
lieen  defcribed.  Chap.  V.  8ec.  iv. 

Fig.  ai.  A  jar  for  receiving  gafes.  Fig.  13.  The  dune  with  a  ground 
iftcnper. 

F^.  %%.  A  ns  receiver,  into  the  neck  of  which  is  cemented  a  brafscap, 
with  a  female  terew  for  receiving  a  ftop-cock.  The  veflel  ^  is  a  glafs  flau, 
which  may  be  made  to  communicate  with  the  interior  of  the  jar  a,  by  open- 
ing the  cock.  When  the  apparatus  is  ufed,  it  is  neceflary  to  employ  two 
Hop-cocks,  «Dd  not  one  only,  as  reprefentcd  by  the  figure.  Suppoimg  that 
•«lkd  we^gjkt  of  any  gas  is  to  be  aicertained,  the  fluk  6  is  einanfted,  by 
Iciewiiigiit  OD  the  transfer  of  an  ain-pump ;  and,  if  great  accuracy  be  requir- 
ed, it  is  jprmer  to  enclofe  a  ^ge  in  the  veflel.  Let  the  flaik  oe  wd^ied 
when  eihau&ed ;  then  ferew  it  upon  the  top  of  the  receiver,  containing  the 
•gas  which  is  to  be  weighed ;  and  open  the  communication,  obferving,  by 
ufing  a  graduated  jar,  how  much  gas  has  been  admitted.  Suppofe  this  tabe 
50  cuImc  inches.  By  weighing  the  flaik  again  when  full,  we  determine  the 
weiriit  of  50  cubic  mches  of  tiie  gas  under  examination.  The  experiment 
IhoSd  be  made  when  the  temperature  of  the  room  is  60^,  and  whoi  the 
barometer  ftands  at  29.  8. 

Fig.  14.  An  Eudiometer  for  trying  the  purity  of  a  mixture  of  gafes  con- 


taining oxygoi  gas,  by  means  of  mtrous  ns.    The  procefs  has  already 
Chap.  XII.  Sec.  iL    The  inflroment  fliould  be  accompanied 


been  dieferibed. 


with  a  vial  holding,  when  completely  fuU,  precifely  a  cubic  inch. 

Fig.  15.  A  wire  ftand,  with  a  leaden  toot,  for  the  purpofe  of  raifing, 
above  the  furfiice  of  water  within  a  jar,  any  fubftance  wmch  is  to  be  expofed 
to  the  adion  of  a  gas. 

Fig.  a6.  An  apparatus  for  fliewing  that  caloric  exifls  in  gafes  in  a  latent 
form.    The  implication  of  it  has  been  already  deferibed,  Cmip.  V. 

Per.  %y.  A  glafe  iar,  partly  filled  with  air,  and  FUtlj  with  quickfilver, 
a^duuKUng  inveartea  in  quidoilver.  The  ufe  of  tnis  figure  is  menely  to 
illArate  (he  method  of  inferring  the  real  from  the  apparent  quantity  c^ns 
in  a  tube,  when  the  quickfilver  within  is  above  the  level  of  the  fluid  witn- 
•oaU  as  explained,  Clup.  V.  Sec.  L 

Fig.  af  and  ap.  Tubes  for  exploding  mixtures  of  hydrogen  and  other 
inflammable  gafes  with  oxygen  gas,  commonly  termed  the  Eudiometer  of 
Vdu  ;  fee  Chap.  V.  Sec  v. 

PLATE  III. 

PiS^*  3^  'I*^  common  form  of  a  Woulfe*s  apparatus.  In  this  figure  the 
retort  a  u  r^ref(;iited  pbin,  but  it  is  belter  to  employ  a  tubulated  one. 
The  ufe  of  this  apparatushas  already  been  deferibed,  Chap.  L  Sec  II. 

Fig.  31.  A  modification  of  the  apparatus,  which  has  alTo  been  already 
defenbed.  In  this  figure,  the  mercunaJ  troi^  is  fliewn  with  a  jar  ftandiog 
inverted  in  it,  for  the  purpofe  of  receiving  any  gas  that  may  efo^  con- 
denfetion  by  water. 


IV  DEBCRIPTION    OF    THE    PLATES. 

Fie.  H-  Mr.  Pepjfi'  iinpravcmeni  of  Woulfe'i  ipparatni  dcfctibi:)!.  Chip. 
I.  Set.  II. 

In  convcrfation  wirh  Mr.  Mumj  of  Edinburgh,  I  hut  leuiicd,  finee 
the  lien  chapter  wat  printed,  thai  the  moA  limple.  cheap,  and  manvoble 
form  of  WouUe'a apparatui.  i> reprdenled by  Dr.  Hanultoool  Ldnifon,  in 
his  irinflalion  of  Beithoilet"*  ■'  Trcatift  on  Dyeing."  I  have  omiitcd  allb, 
in  the  enumeration  of  the  varietieiof  thii  appaniu!,  to  include  an  imprff 
nuni  ^  ii.  invented  by  Mr  Burkitl,  and  UewD  by  a  plate,  in  ihe  fi 
volume  oi  Nicholfou'i  Jouriut,  410. 


f'-S^  33'  3"^  .^4'  Cutlthenson'a  appaialus  for  exhibiting  the  loaipoGtioa 
of  water,  with  the  lubllituiicul  of  gaiomilctt  lot  the  rcctiTcn  onpaally 
etnployeil  by  him.  The  appantua  has  been  delcribcd,  Chan.  VL  Sec  L 
Fiffn  34-  it  an  enlarged  view  of  the  conical  br^  piece,  which  ia  ccActned 
into  the  bottom  of  the  receiver,  and  through  whica  thtgtSttut  conveyed. 

Fig.  3J.  A  gsiometcr  of  the  moll  Gmplc  and  common  conftniction ;  Cee 
Chap.  V.  Sec  I. 

Pig.  j6.  A  gUB-holder,  dcTcribcd  in  the  fame  SeSion, 

Fif-  37.  A  gilvanii  trough  (See  Chap.  VI.  Sec.  11.)  The  inbc  *  &cmt 
the  arrangement  fee  decompoGne  water.  The  upper  wire  naf  be  her* 
meti'cally  I»ied  into  the  tube,  aniT  the  lower  one  Hfled  througii  a  cork, 
which  Diould  have  a  Ihiall  flit  cut  in  it,  to  alluw  the  watct  to  efcipe  in 
dmpt  at  the  ga>  it  produced. 

Fig.  38.  1  he  manner  in  which  a  candle  may  be  burned  in  oiygen  gaa; 
lee  Chap.  V.  Sec.  II. 

Fig.  39-  The  combultion  of  iron-wire  in  oiycen  gi*. 

Fig.  40.  Appatatut  for  decompoCng  water  over  tcd-hot  iron  or  ct 
&e  Chip.  VI.  Sec   II. 

Fig.  41.  A  contrivance  for  (hewing  the  diminution  of  hydrogen  and  ll 
ygeQ  gafei  by  QowconibuAion  1  fee  Chap.  V.  Sec  V. 

Fig.  41.  A  very  limple  and  cheap  contrivance  for  freezing  quicUilvei 
muriate  of  lime  and  fitow.     1  he  outer  veUcI  of  wood  may  be  twelve 
a  half  inches  ftjuare,  and  fqveii  inches  deep.     Ii  (hould  have  a  wooden  a 
nbbctted  in,  and  furnllbed  with  a  handle.     Within  this  ia  placed  a  tin  1 
U,  llindint;  on  leet  which  are  one^nd-a-half  inch  high;  and  bivitig  > 
ieflion  at  the  lop,  half-an-inch  broad,  and  an  inch  deep,  00  which  ri~ 
Ihallow  tin-pincc.     Within  the  fecond  vclTel  i*  a  thirdi/,  made  of  ui 
iron,  and  fupporicd  by  feet  two   inches  high.     Thit  vcOeJ  it  lour 
Cjnare,  and  u  intended  to  contain  the  mercury.     When  the  affuraiuiiiuCHl,' 
a  mixture  of  mnriaie  of  lime  and  fnow  i>  put  into  the  outer  veflelw  a,  la  at 
completely  to  furround  the  middle  vdTd  i  i.    Into  the  Iiirer,  the  vcffel  J, 
containing  the  quicklilvcr  to  be  frozen,  previoully  cooled  down  by  a  Ced- 
ing miiiure,  it  put ;  and  tliit  is  immediately  furrounded  by  a  miituie   o( 
fnow  and  muriate  of  lime,  prevfoully  cooled  to  a"  Fahrenheit,  by  ai 
daJ  miilure  of  fnow  and  common  fait      The  pan  ^  c  it  alfo  filled  with  tl 
nuterialt,  and  the  wooden  cover  is  then  pkit  into  il>  place     The  veII«IbH 
now  left,  till  the  quickGlverit  froien.     A  marc  elegant,  but  TDtm 
five  if^ratus  by  Mr.  fepy*,  intended  for  the  lame  purpofe,  !■  fij 
an  early  volume  of  the  Philofophical  Magazine 

Fig.  4].  A  wire  (land,  conliuing  of  an  interior  circle,  and  three  fti 
piem  of  wire  proceeding  from  il  in  the  lame  plane. 
Chip.  V.  Sec.  II. 
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Fig.  44.  Mr.  Davy's  apparatus  for  the  analyfis  of  foils,  deferibed  in  his 
paper,  whkh  is  copiedinto  the  third  part  of  this  work. 


PLATE  V. 

Fie*  45.  Pifict's  arrangement  of  an  apparatus  for  iheiMring  the  radiation 
of  cuoric,  nnaccompuiied  by  light ;  ilee  Cha^.  Ill  Sec  I. 

Fig.  46.  An  oval  copper  bouer,  for  exhibiting  the  moft  important  fads 
refpeding  latent  caloric  The  fixe  of  its  different  paru  may  be  learned  from 
the  fcale  affixed  to  the  plate.  I  am  prevented,  by  diftance  from  homfr,  at 
the  time  of  writing  this  part  of  the  w»rk,  from  ftating  the  precife  quantity 
which  the  boiler  holds,  and  other  particulars  which  it  might  have  been  pro- 
per to  have  mentioned.  I  apiyrehend,  however,  that  the  iketch,  with  the 
affifiance  of  the  fcale,  is  abuncnntly  fufficient  to  enable  anj  intelligent  work- 
man to  conftrud  the  apparatus.  The  collar-joint  and  ituffinff  box,  howe- 
ver, it  is  indi^f>enfably  neceffary  to  defcribe,  Specially  as  the  former  article 
of  apparatus  u  generally  dmftruded  go  a  bad  plan. 

Fig.  47.  is  a  ledion,  upon  a  larger  fcale,  ot  the  collar-joint  at  ^,  (Fig. 
46.)  made  for  the  convenience  of  fcrewing  together  long  or  crooked  metal 
tubes,  without  turning  them  round,  a  is  a  fcSion  of  the  end  of  one  of  the 
tubes,  and  6  that  of  uie  other  which  is  to  be  attached  to  it ;  c  is  a  collar 
which  turns  lcx>fe  upon  the  (boulder  of  a,  aud  fcrews  upon  ^.  By  fcrewing  this 
colhir  upon  ^,  the  end  e  of  the  tube  a  is  brought  to  pre&  upon  the  part  d  of 
the  tube  B,  without  turning  round  either  of  chofe  tubes.  If  upon  J  be  laid 
a  ring  of  linen  cloth  foaked  in  boiled  linfeed-oU,  the  joint,  when  fcrewed 
up,  (if  tolerably  well  made)  will  be  impervious  to  fteam,  as  well  as  to  wa- 
ter or  air.  The  projedion  at  d  is  for  preferving  the  ring  of  cloth  from  being 
displaced,  and  for  guiding  the  ends  of  both  tubes,  fo  as  to  meet  properly. 

Fie.  48.  is  a  fedion  of  a  focket,  for  fixing  the  ftem  of  a  thermometer  in- 
to a  boiler  or  a  digefter,  where  there  is  much  heat  and  preflnre ;  ^  is  a  focket 
fixed  on  the  outude  of  the  boiler  or  digefter,  having  a  hole  through  it  large 
enough  to  admit  the  bulk  of  the  thermometer  ;  a  is  a  plug  which  fcrews  in- 
to ^,  having  a  hole  through  its  centre  large  enough  to  admit  only  the  ftem  of 
the  thermometer ;  c  f  is  a  loofe  round  pl>te,  concave  on  the  upper  fide, 
having  a  hole  through  its  centre,  juft  fumdent  alfo  to  admit  the  ftem  of  the 
thermometer.  When  the  inftrument  is  to  be  inferted,  the  plug  a,  and  the 
plate  r,  muft  both  be  taken  out  of  the  focket  The  bulb  is  then  paffed 
through  it.  The  plate  c  is  next  flipped  over  the  ftem,  and  dropped  into  its 
place.  Some  flax,  foaked  in  linfeed-oil,  muft  next  be  j^rrapped  round  the 
uem,  (6  as  nearly  to  fill  the  focket.  The  plug  a  muft  then  be  fcrewed  in,  till 
the  flax  be  comprefled  fo  as  to  make  the  whole  fufficiently  tight.  The  op- 
pddte  fuHaces  of  the  plate  r,  and  the  plug  «,  are  made  concave,  for  tne 
purpofe  of  compreflingthe  flax  round  the  nem  of  the  thermometer. 

PLATE  VL 

Fig.  49,  50,  51.  Sedioos  of  crucibles. 

Fig.  52.  A  muffle ;  fee  Chap.  I.  Sec.  II. 
'  ^^Z'  53'  Stands  for  raifine  the  crucible  above  the  Bars  of  the  grate  ;  m 
one  i^pted  to  Mr.  Aikin's  blaft  furnace ;  ^  one  of  the  common  form. 

PifiT*  54-  A  Ikittle-fliaped  crucible. 

Fig.  SS'  Mr*  Aikin^  portable  bUft  furnace.  It  is  compofed  of  three 
sttts,  aU  made  out  of  the  common  thin  black-lead  melting  pots,  fold  in  Lon- 
don for  the  Mfe  of  the  goldfinithi^    The  lower  piece  « is  the  bottom  of  one 
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oF  ihcic  po(>>  cut  off  lo  low  11  onlf  to  tctrc  a  ority  of  about  anindiF  and 
ground  Imoaih  above  and  belinT.  The  oudide  diamcttr  o<er  the  top  is 
nve  aud  a  hilf  inches.  The  middle  piece,  or  fire-place  J,  ii  a  larger  portioD 
of  a  fimilai  pot,  with  a  cavity  about  fu  inches  deep,  and  meafuring  feiien 
and  a  half  uichet  over  the  top,  outQdc  diameter,  and  pofaratcd  with  Jii 
bbft  holes  at  the  botiotn.  TheTc  two  poll  arc  all  thai  irw  (flentiaily  Dicef- 
fary  lo  the  furnace  fur  moll  cnjetuionn  ;  but  when  it  it  wiOicd  lo  heap  up 
foci  above  [he  lop  of  a  crucible  lamlained  withiD,  and  cfpeddly  to  pcotea 
the  eyes  from  the  inlolerable  glare  of  the  fire  when  in  full  heat,  an  Mfper 
pot  i  a  added,  of  the  fame  dimenlioiu  as  the  middle  oitc,  and  with  a  large 
opening  in  the  Gdc,  cut  to  allow  the  ait  of  the  fmoke  and  flame.  It  tut 
alfo  an  iron  ftem,  with  a  woodeo  handle  (an  old  chiffel  anfwcrs  thepurpofc 
very  well)  for  ntnoving  it  occafionalty, 

ThcbeUowB,  whith  arc  double  (rf,)  arc  firmly  filed,  bjr  a  Uttic  contri- 
vance which  will  take  off  and  on,  to  a  heavy  Itool,  as  repirrfented  in  the 
pbte  ;  and  their  handle  Qioald  be  lengthened  To  33  (d  make  them  Work  «fi- 
ertu  the  hand.  To  increafe  their  force  on  particolar  occofions,  a  pbte  of 
lead  may  be  Srmly  Ued  on  the  wood  of  the  upper  Bap.  The  noztle  i«  vr- 
ccived  into  a  hole  on  the  jwt  t,  which  conduds  the  blift  into  iu  cavity. 
Prom  hence  the  lir  palTct  into  the  lire-place  1,  through  lix  holet  of  the  file 
of  a  large  gimlet,  drilled  at  equal  diOaaeci  through  the  bottom  of  (he  pnc; 
and  all  converging  in  an  inward  direi^ion.  To  that,  if  prolonged,  they  wouM 
meet  about  the  cectie  of  (he  upper  part  of  the  fire.  FI?.  56.  Ihenri  the 
diftribution  of  ihcfeholain  the  bottom.  The  large  ccnirj  hole  iiiniendcd 
to  receive  the  (land  a,  fig.  j».,  which  fcrvei  for  fupporting  the  crucible. 

No  luting  i«  ncccfTaiy  in  uting  this  furnace,  fo  llut  it  Tiaj  be  fet  upand 
taken  down  immediately.  Coak,  or  common  cindcn,  taken  from  the  flrc 
when  the  coaljuft  ceafes  to  blaze,  lifted  from  the  dull,  and  broken  into  ve- 
ry rmallpieceB,  fnrmi  thebeft  fiidfor  higher  heati.  The  fin?  may  be  kind- 
led at  firit  by  a  (ew  lighted  cinders,  and  a  finall  quantity  of  wood-chinioBl. 

The  heat  which  ihiglhile  furnace  will  afford  it  fo  intenfe,  that  iu  power 
was,  at  lirft,  difcovertd  accidentally  by  the  hifion  of  a  thick  piece  of  call 
iron.  The  utmoft  heat  procured  by  it  waj  t6;°  of  Wedgwood's  pyrometer 
piece,  which  Was  withdrawn  from  a  Heflian  crucible,  when  ai^olly  finking 
downinaftate  of  porccllinoui  fiiGan.  A  Heady  heat  of  i.lf"  or  160°  may 
be  depended  on  if  the  fire  be  properly  managed,  and  the  bellows  worked 
with  vigour.   C^iee  Philofophical  Magazine.  Vol.  XVH.  p.  166.) 

By  a  letter  from  Mr.  Aikin,  I  have  leamed,  alfo,  a  eonvcninii  way  of 
eihibiting,  in  a  kflorc.  and  performing  at  other  times,  the  pnwefs  of  eu- 

Cclbtion,  by  mcaniof  ihTi  furnace  It  crnififls  in  caufmg  ■  portion  of  the 
laft  10  be  divened  fi'om  the  fuel,  and  to  pofs  through  a  cnicible  in  which 
the  cupel  ig  placed.  Thii  arranfcement  ftipplrci  air;  and  the  whole  may  be 
feen  by  a  floptng  tube,  run  llu-ough  the  cover  of  the  cmdhle.  Fig.  j;. 
fhcws  the  furnace  when  ufed  for  this  purpole ;  d  a  the  furnace  ;  i  the  periii- 
nted  Hopper  for  the  central  blalL  ;  c  c  a  portion  of  earthen  tube,  through 
which  the  air  palfei,  and  is  heated  during  this  Iranfil ;  r  a  piece  of  fofi  bri^, 
perforated  to  admit  the  earthen  tubey,  which  may  be  kept  open  for  inCpeA- 
ing  the  proceft     No  luting  is  required,  except  to  join/ to  c. 

Fic.  J  it.  Knight's  portable  furnace,  eompofed  of  flrong  iron  plate, 
lined  with  fire-hile,  the  infidc  diameter  fit  inches,  a  fhewi  the  grate  ; 
t  the  afh-pit  door ;  J  the  door  of  the  fire  placed  when  ufed  ai  a  fand 
heat  :  1 1  two  holet  opposite  to  each  other  for  tranfinitting  a  tube  ;  ;'an 
oppning  for  a  retort  neck,  when  ufed  lor  diDilling  with  the  naked  fire. 

Fio,  J).     A  different   view   of  the   fame  furnace  ;  d  the  grate  i  e  the 
t*gtfter  10  the  alh-pit ;  /a  fiuatl   door,  with  a  contrivance  for  fappoftinj 
a  muffle.     The  other  leltcri   correfpond  with  the  explanation  ottW  jAs] 
ceding  figure. 


DBftCUTiaON  OF  THS   BLATU*  Vtl 

For  this  fttrmcetlie  proper  fuel,  when  it  U  ii£ed  at  a  wind-fnrnioe,  is 
wood-chanoal,  eidier  alone,  €ft  with  the  adnuatiice  of  a  (mall  nrag^onieo 

a  little  mt-c 


of  eoek.    For  <K(KHitwn  with  a  lAiid«>heat,  chucoal,  with  a  little  ptt-coal, 
may  be  employed. 
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Fio.  ta.  reprefimtt  a  fijnd  himace,  which  I  find  very  ulefiil,  becaufe 
it  may  either  be  employed  as  a  wiDd-furoace,  or  for  diftillation  with  a 
iand-heat.  lu  total  hoght  outiide  is  thirty-three  inches,  and  the  out- 
fide  fiuiaK  is  eighteen  inches,  or  two  bricks  laid  kngthwife.  The  thidc- 
nelt  of  the  fides  of  the  furnace  is  the  breadth  of  a  mrick,  or  fiour  and  a 
half  inches :  but  whenever  there  is  room,  it  is  better  to  make  them  nine 
inches  in  thickness.  From  the  top  of  the  furnace  to  the  grate,  which  is 
menreable,  and  fupported  by  two  bearersi  the  height  is  thirteen  inches ; 
and  at  c  is  a  double  EUimford  door ;  or,  in  preference,  a  hole,  doled  by 
a  moveable  sarthen-ftoppsr,  for  introducing  fueL  The  afh-pit-  should 
have  a  regifter  door.  The  chimney  is  four  inches  wide  by  three  high, 
apid  may  either  be  fiimifiied  with  a  damper  or  not.  On  the  top  of  Uie 
fiixiiace  a  caft-iron  ring  is  fixed,  ten  inches  infid^  diameter,  three  indbes 
broad,  and  half-an-inch  thick.  It  is  fccured  in  its  place  by  three  iron-phis, 
pafling  throng  three  equidiftant  holes  in  the  ring,  and  bent  at  the  dis- 
tance of  nine  mches  at  a  right  angle.  Thcfe  ferye  the  purpofe  of  binding 
the  ring  firmly  into  the  brickfwork.  The  fand  pots  are  of  different 
(izes ;  and  a  variety  of  them  may  be  made  to  fit  the  fame  ring,  by  vary- 
ing the  breadth  .of  their  rims,  as  (hewn  fie.  71.  The  bricks  (hould  be 
cemented  together,  at  leaft  for  the  inner  haSf  of  their  breadth,  by  loam, 
or  by  a  mixture  of  Stourbridge  cby,  with  two  or  three  parts  fand,  and  a 
pimer  quantity  of  water. 

When  this  is  uied  as  a  wind-fiimace,  the  opening  in  the  fide  is  to  be 
dofed  by  its  ftopper  v  or,  if  a  Rumford  door  be  employed,  it  muft  be  de- 
fended from  diefnd  by  a  fire-tile.  The  fuel  fcoak)  is  introduced  at  the 
top,  which  is  occafionally  covered  by  a  fire-tile.  When  diftillation  with 
a  iiuid-heat  is  performed,  the  fand  pot  refis  on  the  iron-ring,  and  the 
fiid,  which  may  be  common  pit  coal,  is  added  through  the  o(«ning  10 
the  fide.  It  may  be  pnper  to  fbtte,  that,  in  order  to  receive  a  (and  pot 
of  as  large  a  fize  as  pofuble,  the  upper  courfe  of  brick  fhould  be  bevil- 
led  withm  ihe  furnace ;  and  the  width  at  the  top  may  exceed  a  little  that 
at  the  mte. 

The  be(k  Stourbridge  or  Newcaftle-on-Tyne  fire-bricks  are  neceflary  in 
conflructing  this  and  the  following  furnaces. 

Fio.  6i.  is  a  longitudinal  fection  of  a  wind-furnace,  invented  by  Mr. 
Knight,  with  an  additional  chamber  lor  applying  the  waftc  heat  to  ufe- 
hil  puzpofes.  ft  the  internal  cavity,  whicn  is  fquare,  for  containing  the 
lad  and  the  crudble.  k  the  flue  paffing  into  a  hot  chamber  c ;  an  ap- 
pendage particularly  ufeful  for  drying  luted  crudbles,  or  bringing  them 
to  a  proper  temporatnre  for  the  furnace ;  for  roufling  ores,  and  various 
other  puzpofies.  d  the  flue  connecting  it  with  the  vertical  chimney  t ; 
which,  to  produce  a  ftroog  beat,  (bouU  never  be  lefs  than  thirty  or  forty 
feet  high.  //  covers,  coimfling  of  twelve  inch  Welfh  tiles,  with  handles. 
9  the  (ioke  hole,  through  which  no  more  of  the  fire  is  feen  than  appears 
between  the  grate  and  the  bearing  bar  b.  This  fpace  is  left  for  the 
double  piurim  of  rakim^  the  fire,  and  occafionally  taking  out  the  bars. 
i  the  afo-ptt,  which  is  funk  bebw  the  levd  of  the  ground,  and  is  cover- 
ed, where  it  projects  at  /,  by  an  iron  grating. 


DESCRIPTION    OF   THE   PLATEi. 


The  bcf)  Gtuilion  for  thi«  funiKC, 
chiaaacj  bciug  in  [he  corner,  ae  rcprc 
nngemetit,  the  oprrelor  ii  fpared  the 
hit  Itgi,  hj  fianding  nppoHtc  ibe  Oak 
are  eipofed  ta  a  curreot  <if  cold  air  rufhing  I 

Fid.  61.  and  63.  arc  diflerenL    ficwi  o! 
Kiiighc,  and  coDvi^niblc  to  vartoui  parpofc 


.   rhjlc  ihc  badu  of  hit  \egt 

a  fumaic    tnvcDCed    b;  Mr. 


:  inCdi:  of  this  furnace  »  nine  rncho  fquine,  and  fiiteen  indiM 
deep  from  the  top  to  the  giate.  'I  he  lace  ol  the  openit.e  ai  r  riTo  at 
an  iDgle,  which  makei  the  baci  pan  Eve  inchci  higher  Unm  the  fniin. 
This  couuirance  enabia  nn  eompletelr  to  co»er  a  laip  retort  with  fuel, 
without  obstructing  the  pafTage  of  the  air,  and  alia  relicvet  partly  the 
wtighc  of  Uw  cover,  when  it  reijuirei  to  be  moved.  Tht  wfllb  of  the 
furnace  arc  u  le^  a  brick  and  a  half  in  thicknefs  and  at  much  more 
a>  local  convenience  will  allow.  By  Cnking  the  ash-pit  below  the  lt'*cl 
of  the  ground  at  i,  llie  height  of  the  fvmace  needs  cot  exceed  cighiecD 
inchcf,  which  renders  the  rkinagemrnt  of  the  fuel  much  more  eufy,  and 
fubfccts  ihe  face  and  hands  Icfa  to  the  action  of  the  heat.  The  a(h-pit 
d,  mull  be  at  IcaA  eighteen  inches  deep,  below  the  fnrface  of  the  ground, 
and  more  if  convenient.  It  niufl  have  an  opening,  projecting  fnim  it 
three  or  tour  feet,  to  be  covered  with  boardi,  and  with  an  iron  grating 
ndt  the  furnace.  This  pre&rves  the  kgi  of  the  operator  Ironi  the  »e- 
lion  of  the  fire. 

The  grate  i  ii  formed  of  fepantc  ban,  each  of  a  trian^lir  fhape, 
ihrcc-fourthi  of  nn  inch  apart,  and  refling  on  two  bearrri.  In  the  front 
e(  the  furnace,  an  iron  har  is  to  be  placed  to  fuppon  the  brickwork,  and 
to  leare  an  opening,  through  which  the  bars  may  occafioDaUy  be  dnwo 
out.  and  the  fire  be  raked  and  cleared  of  the  flag.  The  chimoer  i  i>  cwn 
and  a  half  iochei  &om  the  top,  and  four  and  a  half  wide,  by  two  md 
a  half  high. 

To  fit  tiai  furnace  for  occaGon^l  diflillatiDn  with  the  naked  fire,  an 
opening,  J  lig.  61.  ii  left  ou  one  fide,  which  it  filled  up.  when  not 
wanleil,  by  five  pieces  of  Toft  hre  brick,  cut  to  a  proper  Ihipc,  and  fe- 
eurcd  by  a  clay  lute.  It  is  proper,  alTo,  to  be  provided  with  other 
pieces,  having  arched  openings  for  traiifmitting  the  neck  of  a  retort.  One 
of  tbefe  pieces  may  have  a  round  hole  for  occafionally  tnnrmitting  ■ 
tube,  and  a  corrrrponding  hole,  i,  fig.  63,  muB  then  be  made  in  the  off 
pofite  fide  of  the  furnace,  to  be  dofcd,  when  not  wanted  with   a  llop> 


PtGS.  64  and  Aj  rcprefent  a  fand  heat 
veflebi  the  dejitb  bom  back  to  front  fn 
the  fcale,  fii  feet.     At  the  front  ii  a  rim 

Sice-  of  iron   plate,  which  is  fafteoed  a 
oot  or  bottom,  ,  t,  is  formed  of  cift  in 
coirefponding  rabbets.     ' 


lot  coataininr  flat  evaporating 
feet;  the  width,  agrteably  to 
<ur  inches  deep,  couGfling  of  ■ 
each  cud  into  the  wall.  The 
L  plates,  which  rcSt  upon  each 
tage  of  feveni    Imall  platoi. 


over  one  large  one,  is  the  cheapnefs  and  facility,  with  which  tl  , 
placed,  if  cracked  by  the  heat,  sui  accident  of  not  infi:iet]ueni  uccurrence. 
The  joints  are  Iccur«l  by  a  fire  lute,  which  effectually  preventi  the  fand 
from  falling  through.  The  fire  plareit  fhcwn  by  &;  at  the  bntiom  it  haa 
s  gnle  tea  inches  long,  by  eight  wide.  The  name  and  (moke  circDlal« 
litft  through  the  flue  c,  and  then  through  the  rclumine  fiuc  •!.  whi^  con- 
veys thelinake  to  the  chimney  g.  In  conllnicting  me  flue  beneath  the 
graic,  a  row  of  bricks,  fet  edgewni,  onfweis  the  purpofo,  and  ftr>r>  >]fo 
to  fupport  the  inner  edge  ol  ihe  platen. 

It  i>  adviaeable  to  cover  the  fand  heal  with  a  (loping  rriof,  which  may  be 
fanned  of  lath  and  plaftcr,  and  fupported  by  fide  w  "        — '    '        "  ' 


the  roof  may  be  (oremofl,  • 


J  ilrauc  three  feel  above  the  edge  ^jA^a^^ 


IPTION  or  TBS  KJlIM.  ut 

trfttn.  •  it  ill  alfi),  imtdktf  to  lure  «d  air^flw,  btttAj  ftt  tbe  bo|>  of  the 
iMuik  ^mB»  mnAK  the  dome  or  roof,  to  be  dofisd  oc^fiongllf  l»y  •  4o^. 
Tkk  jnuft  open  into  the  ckioBcj,  in  wiudi  eftfe  it  (firvtt  the  puijufi  of  car- 
rying off  aoaiout  vaponm. 


PLATE  VIII. 


Figi.  6^  ^,  6S  ore  the  ie^U«B  and  plaoe  of  a  fevcrberatorf  funuoa  for 
cKptrtraental  pHrpofea.  In  tkk  feraace,  tiae  Aid  it  contained  in  an  anterior 
£rc»piaoe ;  and  toe  fubftflnce,  to  be  fubmittcd  to  the  action  of  heat,  ii  placed 
on  the  floor  of  another  flhamber>  fitnated  between  the  front  one  and  the 
chimney.  The  flaaie  of  the  fuel  pafies  into  the  icoond  compartment  |  by 
the  form  of  which  ft  is  concentrated  npon  the  fubftanoe  eipoM  to  heat, 
whidi  ii  not  confiiHed  in  a  Separate  veflclor  cmciblr,  bnt^ hM:edon  the  floor 
of  the  furnace  When  reduced  to  a  ftatc  of  fiifioo,  the  melted  mala  it  al- 
iowed  to  flow  out  through  a  tap-hole  at  k.  The  dimenfioat  of  thit  iiunacrit  is 
Msroety  poffhle  to  Ante,  at  they^PirjIoconfiderablyiadiiKrrcat  partaofit; 
but  thqr  niair  be  afiaertained  by  referring  to  the  figuret,  and  hj  the  applica- 
tion of  the  icale.  Tn  all  ihree  flRnret,  m  reprefeatt  the  afli-pk  ;  h  the  grate 
compoied  of  moveable  bars  ;  e  uie  door  at  which  the'fiiel  It  introduced ;  <# 
a  door  in  ihe  fide  of  the  chamber,  for  the  purpofe  of  infpe^ng  the  pro- 
celt ;  e  the  floor  of  the  furnace  which  defcends,  and  is  gradually  contnufted 
towards  the  back  part ;  y  another  door  for  introducing  and  ftiiring  the  ma- 
terials ;  g  the  back  part  of  the  furnace,  immediately  under  the  chimney  ;  B 
the  tap-hole ;  i  the  chimney. 

Fifft.  69  and  70,  exhibit  a  cupelling  or  enamelliH^  furnace.  The  form  of 
this  mould  be  an  oblone  fquare  ;  its  dimenfions  bemg  rec^lated  by  that  of 
the  muffle,  which  fiiould  go  home  to  the  back,  its  front  edge  lodging  on  the 
mouth  of  the  furnace.  On  each  fide  of  the  muffle,  two  inches  and  a  half 
muft  be  left,  to  let  the  fud  pafs  readily  underneath,  where  there  fiiould  alfo 
be  a  fimilar  fpace.  A  ftoke-^ole  mufi  be  left  on  the  other  fide,  but  the  fitua- 
tion  of  the  Tiew  will  not  admit  its  bein^  fliewn.  Before  the  muffle,  it  a 
projedUng  ledge  or  flielf,  fliewn  at  r,  which  is  intended  to  fupport  any  thing 
that  it  to  be  put  into  the  muffle.  Two  tweWe-inch  tiles,  worked  in  along 
with  the  bricks,  will  anfwerthb  purpofe.  In  both  figures,  a  flicws  the  afli 
pit ;  c  the  grate ;  d  the  muffle ;  e  the  opening  for  introducing  the  muffle ; 
/the  chimney,  and  g  the  cover. 

Fig.  71.  fiuid  pots  with  rims  of  diflerent  fizes. 

F'g*  7^>  73*  Do^or  Black's  portable  fiimace,  made  of  flieet-iron  lined 
with  fire-clay.  Its  dimenfiont,  at  they  vary  in  almoft  every  part,  will  beft 
be  learned  from  the  fcale ;  a  the  fire-place ;  ^  the  chinmey  ;  c  the  afli  pit ;  d 
the  door  of  the  afli  pit ;  r  a  regifter  for  regulating  the  quantity  of  air  ad- 
mitted to  pafs  through  the  fuel 

Fig.  74.  Mr.  Chenevix't  wind  fornace.  Thit  is  rudely  fketched  in  Ni' 
cholion^s  Journal,  from  which  the  more  accurate  figure  in  Plate  VI II.  is  ta- 
ken. This  furnace  Mr.  Chenevix  defcribes  at  foliowt :  "  I  have  cooibudcd 
a  wind  furnace,  which,  in  fome  refpei^  it  preferable  to  the  ufual  form. 
The  fidet,  inftead  of  being  perpendicular,  are  inverted  ;  fo  that  the  htHlow 
fpace  it  pyramidal.  At  tM  bottom  the  fpace  it  twelve  indict  fquare,  and  at 
the  top  only  dght  The  perpendicular  heieht  itfeventecn  inchet,  from  the 
top  to  the  grate.  Thit  fonn  anitet  the  folfowine  advanti^et.  i.  A  large 
furface  it  expofed  to  the  air,  which,  having  an  ealy  entrance,  ruflies  throngK 
the  fud  with  great  rapidity,  a.  The  inclined  (ides  ad  at  neverberatort; 
3.  The  fnel  follt'of  itfelf,  and  ia  alwayt  dole  to  the  grate. 

Hhh 


X  DESCRIPTION   OF   THE    PLATES. 

:  In  thefi{;ure>  a  reprelenU  the  gnlc;  ci  are  two  hncki  iriiicb  eui  be  let 
in  al  pteajurc,  lo  dJminHh  the  npidty  ;  t  it  another  pate  which  can  be 
pUicd  on  the  brick*  <  r,  for  occalioiul  puipofei ;  il  d  xrc  bricki.  nbkfa  can 
lie  pUccd  on  the  gntc  t,  to  dinunilli  the  capacity  of  thi>  put  of  the  fur- 
nace ;  r  the  cover.     Both  fell  of  brick*  Ihould  be  grouod  lo  the  Hope  td  the 

In  the  (Otiftrufiiati  of  every  furnace,  which  i>  intended  to  produce  a 
ftrong  heat,  lime  or  mortar  IbouJd  be  aicnded,  and  the  brickt  (hould  be  fei 
in  lomn,  or  Stourbridge  day,  worked  up  with  water  and  uod.  inferting  oc- 
calioDiUy  piecci  of  fhcct  iron,  bent  twice  in  oppolile  diretiiiong  at  right  an- 
gles. The  furnace  fhould  be  allowed  to  remain  fonie  weeki^  after  (ettiog 
up,  before  It  \»  ufed-,  and  before  raifing  a  Aronghcat,  a  gentle  GrclhoiUdbe 


briclEWork  toei- 
,  kept  in  their  placet  lij 

'iiic,  and  ciufcd  lo 


iher,  eitemaUy,  by  lErong  iran  birt 
fcTcwa.     The  chimney  fhould  be 
hei^  ■>  circomftances  will  admit. 

"nie  coke  of  ptl-coat  i<  the  only  fuel  Gticd  for  exciting  an  imenfe  heu, 
and  flvonid  be  uud  in  lU  cafea,  cxcepc  in  the  rcrctberatary,  ind  in  diftilta- 
lioni  with  the  fand  bath,  when  [HI-<Ont  ITiay  '^-  — i— -i  — 
of  wood  ii  adapted  priucipallj  loponable  fu 


APPENDIX  II. 


CONSISTING    OF 


VARIOUS  USEFUL  TABLES. 


No.  I. 

CORRESPONDENCE  BETWEEN  ENGLISH  AKD  FOREIGN 
j  ^  WEIGHTS  AND  MEASURES. 


1.  English  Weights  and  Meaauresm 

Troy  Wdght. 
Ptmd*      Oumcti,        Drmi,        ScntfUs,        Graitu,  Grammes. 

I    =    12    =c    96    =    aSS    s=    5760 ,  =  37a^ 

I     =       8     =       »4     =       480     =  31^ 
I     =         3     =         60     =         3.885 
X    =        ao    =        i.apj 

I     =        ao6475 

Ayoirdnpois  Weight. 

Pound.       Otmciu        JDrwu,  Grahu,  Grammes, 

I     =      16     =     456  =  7000  =     453«a5 

I    =      16  =      437.5  =      a8j3» 

1  =        47.975  =        1.81 


Mcafurei. 


Gml.         Pints,       Onneet,  Drms,  Ctih,Incb,  Lkres. 

I     =     8     =     1«8     =     1014     =     131  =  3.78515 

I    =      16    =      xa8    =      a8.875      =  047398 

I    =         8    =        X.8047    =  0.02957 

X    =        o,%%s6    ^  6.00396 

N.  B.— The  Engliih  ale-gallon  contains  %%%  cubical  inches. 


4.  Swedish  Wtighti  and  Meiisuren,  used  by  Bergman  a 
Schcek> 


The  SweillOi  pound,  which  i)  divided  like  the  EngliDi  apolhccary,  Dt 
irDY,  pound,  wtit!h>6jj6  gri.  iroj. 

The  kanneof  pnte  waier,  iccording  to  Bergman,  wc  ighii  4MJ0  Swedifli 
grsiat,  and  occupici  loO  Swedifh  cubical  inches.     Hence  the  kuine  of  pure 
water  wciEht  490(8.719444  Englilh  iroj;  ^^>,  or  ii  equal  to  if 
EngUih  cubic  inches ;  and  the  Swediih  [otigitudina]  inch  it  equal  to  ii 
Enghlh  longitudinal  inches. 

From  ihcfcdata,  the  following  rulei  arc  deduced. 

I.  To  reduce  Swedifli  longituilinsl  inches  lo  Englifb,  multiply  by 
or  divide  by  0.*074?- 

X.  To  reduce  SwidiOi  to  Englib  cubical  incho,  mohiply  hy  1,9.  or  di- 
vide by  o.jl6j. 

3.  To  nducc  the  Swedilh  pound,  ounce,  drun,  Tcrople,  or  gnm,  to  th« 
correfpondiDg  EngUft  iroy  dcnmnination,  multiply  by  1,1  jSi,  ot  divide  by 
.87Bfi. 

4.  To  reduce  the  Swedifh  k^nnes  to  Englilh  wine  pioti,  multiply  by 
.IJIOI07,  or  divide  by  6.57804. 

J.  Thelod,  a  weight  rometimei  nfed by  Bergman,  bthe  jid  part  of  the 
SwediOi  pound :  Therefore  to  reduce  il  to  Che  Englilli  troy  pOKud,  aaSiifif 
by  OiSST'  ot  dWide  by  iB.i  i  j6. 


t43|H 


.  Correspondence  of  English  If/rights  and  Meaaurea 
those  laed  in  Frattce  before  the  Jievohition. 

g.   I.   WllftHTS. 


roith^^ 


The  Paris  pound,  poidt  de  muc  of  Charlemagat,  coniajna  9116  I 
gTaini;il  it  divided  into  id  uuiicet.  each  ounce  inlo)igro&,aiiJeich  g;r<>i 
7*%""'^     liii  equal  to  y.i6i  Englilh  troy  griiiu. 

The  BngUOitruy  pound  oT  it  ounce 
and  u  equal  to  7011  i'uii  graini. 

rh«  £i]eli(h.ivoirdupois  pound  ol  it 
grains,  *Dd  i«  cquiil  to  gjjS  Pahs  gnioi 


iiiuius  J  760  Englilb  troy  fniug, 
^000  Englift  ti 


tltOniENCH  VEIGBTSy  Sk.  XIU 


To  reduce  Paris  grains  to  Engliih  troy  grains, 
divide  by 

To  reduce  Engliih  troy  grains  to  Paris  grains, 
multi^  by 

To  reduce  Paris  ounces  to  Englifli  troy,  divide 


>   i.ai89 
9  reduce  Paris  ounces  to  £nglifli  troy,  divide    \ 

y  '  •  -•  •  •  •  •      ^     lJDl€ttA 

To  reduce  Englifli  troy  ounces  to  Paris,  multi-    £  ^'^^ 

ply  by ) 

Or  the  converfion  may  be  made  by  means  of  the  following  tables : 

t^— 7#  ndK^  Freucb  f  Mitglijh  Troy  IVeighi, 
The  Paris  pound     =     7561.  \ 

The  grain  =  .8^04    ) 

II^«T#  rtdmct  EagUft  troy  U  Pmrit  ^oe^hi. 

The  EqgCih  troy  poond  of  1%  ounces  as  70*1. 

Tht^  CMy  oMoce                                  .  s=  5^5^33 

The  dram  of  60  grains                .        .  =  73*i3i4 

The  penny-weight,  or  denier,  of     1      2014^1   ^^"^JJ****" 

Mgnuns                                •      5  ""  »y'*54» 

The  icrupk  of  30  grains    .        ,        .  ss  ji4*.1784 

The  grain ^  1.1189 


ni.(>— T#  reiAue  Emgii/b  tvnrdmpM*  to  Paris  ^vfigbt. 

The  avoirdupois  pound  of  z6  ounces,  2  .»  q».«  ") 

or  7000  uoy  grains                       .3  ''^  >  Paris  grains. 

the  ounce =    53S'6%so  j 


J.  %  LOnO   AMD   CUllCAL   MEA8U1I8. 

To  ffcdnee  Paris  ruaniog  fieet,  or  inches,  into  EngHfli,  f 
multiply  by    .  ......  V   1^5977 

Englifli  mnmng  feet,  or  inches,  intn  Paris,  divide  by  3 

To  reduce  Paris  cubic  feet,  or  inches,  to  Englim,  *! 
ankiplyby V   i.aiia?^ 

Englifli  cubic  feet,  or  inches,  to  Paris,  divide  by         .  j 

Or  by  means  of  the  IbUowing  tables : 


fV.— To  rodaes  Paris  hag  momntri  to  £mglijb. 

The  Paris  royal  foot  of  la  inches    =     ia.7977 
The  inch      .        . 
The  line,  or  i-isth  of 
The  i-xith  of  a  line 


jf  la  inches    =     ia.7977  "1 
.     =        x»74  J 


V.^T#  rodaa  Ei^lijh  Uitg  ateafan  to  Frtncb, 

The  Englifli  foot 

The  inch 

The  i*8th  of  an  inch 

The  i-ioth 

The  line,  or  i-iith 


inches. 

ii  t 

=s      •o7r 


OLD    IBEKCH    1 


The  Pariicubc 


f  Englifh  ( 


.     =     «»7CO  3  few,  or  C         1.I11178  3 


1093^88384  I 


Vn—Tr  riJiai  EngUfi  mlt  meafm 


The  Englifl]  cube  foot,  ■ 


1718   7 


:  1417.4864 

.8160 


rhe  Parit  pini  contains  5S.i4jf  Englifh  cubical  iochn,  and  the  EnglUh 
iC'pint  cDncaiDE  iXXTii  cabtcat  tochet;  or,  the  Pirit  piiu  coottiBi 
1710S1  EugUIti  pint!,  and  the  Engiilh  [lililcontaiai  ^9617  Puu  pin^S  I 


I  convert  l]ic  wtipht  of  a  French  cubic  font,  of  any  panicular  fub- 
;ivcn  in  French  grains,  into  the  coircfponding  weight  of  jn  Englilh 
at  in  Englifh  troy  grain),  muhiply  the  French  gruni by  0,677.l'8l, 
produft  is  the  numbtr  of  EngUfh  iroy  griini  contained  in  an  Eng- 
lie  foot  of  the  fame  fubflancc. 

i)  fjid  by  Belid.ir,  Jir^Lit.  Hyl'«x.  toconwin  31  oi,  64grs.  of  wa. 
lich  niilic?  it  j8j)7J  Englifh  inches ;  but,  as  there  is  confiderable  1111- 
y  in  the  del  erni  mat  ions  of  the  weight  of  the  French  cubical  meafun- 
T,  owing  to  the  uncertainty  of  theftandardimade  ufe  of,  it  is  better 
e  by  Mr.  Everard's  nicafure,  which  was  made  by  the  cithrquirr 
ds,  and  by  the  proportions  of  the  Englifh  and  French  foot,  as  efiab- 
yihe  French  Academy  and  Royal  Society. 

cording  to  Beauntf ,  the  Paris  pint  contains  i%  French  ounces  of  w a- 
ihe  temperature  of  J4.5''  of  Fahrenheit  ;  which  would  make  it  cuoii 
Ij  Enghfb  cubical  k.Ak^. 


COMPABiSOM  or   FKENCH   AND   EMOLltH  GRAINS.      W 


6.  Tabk^  shtwing  the  comparison  between  French  and 
English  Grains*  (Poid  de  Marc.  J 


French  grs,   = 

Englifli  grs. 

Rngl'jjh  grs.    ^ 

:  French  grs. 

1 

0.8203 

1 

1.2189 

3 

1.6407 

2 

2.4378 

3 

3.4611 

3 

3.6568 

4 

3.2815 

4 

4.8757 

5 

4.1019 

5 

6.0947 

6 

4.9223 

6 

7.3136 

7 

5.7427 

7 

8.5325 

8 

6.5631 

8 

9.7515 

9 

7.3835 

9 

10.9704 

10 

8.203 

10 

12.189 

20 

1 6.407 

20 

24.378 

30 

24.611 

30 

36.568 

40 

32.815 

40 

48.757 

50 

41.019 

50 

60.94? 

60 

49.223 

60 

73.136 

70 

57.427 

70 

85.325 

80 

65.631 

80 

97.515 

90 

73.835 

90 

109.704 

100 

82.03 

100 

121.89 

200 

164.07 

200 

243.78 

300 

346.11 

300 

365.68 

400 

}   328.15 

400 

487.57 

500 

'   410.19 

500 

609.47 

600 

492.23 

600 

731.36 

700 

574.27 

700 

853.25 

800 

656.31 

800 

975.15 

900 

738.35 

900 

1097.04 

1000 

820.3 

1000 

1218.9 

2000 

1640.7 

2000 

2437.8 

3000 

2461.1 

3000 

3656.8 

4000 

3281.5 

4000 

4875.7 

5000 

4101.9 

5000 

6094.7 

6000 

4922.3 

6000 

7313.6 

7000 

5742.7 

7000 

8532.5 

8000 

6563.1 

8000 

9751.5  . 

9000 

7383.5 

9000 

10970.4 

10,000 

8203.0 

10,000 

13189.0 

f 

SVi             ¥RE 

^^^1 

■ 

1 

Mdl  AKO   UKSLIUI   CVBIC   IXCR6. 

- 

7.   TaHe  shrwing  the  Comparhon  betiveen  French  and 
Engihh  Cubical  Inches. 

CuUc  inchcL 

Cubii  inchH. 

Fr..,b.     =     £,.,!./: 

E-i-IJi:      =      fr.mii. 

1 

1.3136 

1 

0.83:19 

s 

3.4272 

s 

1.5479 

s 

3.6403 

3 

2.4719 

5 

4-8544 
6.068  1 

3.2958 
4  1198 

im 

■      7.2817 

*.'i*39 

P 

e  4953 

S.767T 

9 

9.7089 

6.5917 

9 

10.9225 

74I5T 

10 

13,136 

10 

8.339 

iO 

24.272 

20 

16.473 

30 

36.408 

30 

34.719 

40 

48,544 

40 

33,959 

30 

fiO,681 

50 

41.193 

60 

72.817 

60 

4'i'.4J8 

ro 

84.953 

70 

57.677 

^ 

80 

97.089 

80 

65.917 

90 

109.225 

90 

74.157 

■ 

109 

12  1.36 

100 

83.39 

2O0 

342.73 

200 

164.79 

300 

364.08 

300 

247  19 

400 

4B3.44 

400 

339.58 

SOO 

6(i6.m 

5'>0 

411.98 

600 

738.17 

600 

494.38 

700 

B49.5  3 

700 

576.77 

800 

970.89 

800 

659.17 

900 

10:2.35 

900 
luoO 

741  57 
~     833.9 

1000 

1213.6 

2000 

2427.3 

3MiQ 

1647.9 

3000 

3610  8 

30O0 

2471.9 

40O0 

4854  4 

4OO0 

3395.8 

J  5000 

6068.1 
7^81.7 

5000 

4119.8 

6000 

6000 

4943.8 

7000 

8495.3 

7000 

5767.7 

8000 

9708.9 

80110 

65yl.7 

^^^ 

9000 

10933,5 

yono 

7415.r 

^^1 

10,O0J 

12136  0 

10,000 

8339.0 

^H 

/ 

1 

Ml¥'  Miiiictt  witi^tttf/  tx. 
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^enth  WeigM  and  Measures^  fotdcuiateJ  by 
Dr.  Duncttnjun. 


1.  MMtf^  of  Length  :  thelAetre  bebgat  ji^',  and  the  Foot  it  62^. 


Milfifiielfv 


BAetsc 


Nfynonctre        ^ 


3.93710 

39-37100 

393.71000 

3937.iQDOa 

3937XXOOOO 

39371000000 


MiL  Fur,  Tdi,  Fat.    Im. 
O      O     ^O      »      9.7 
o      o    109      I      I 
o     4    ftii     X    xaa 
6      X    156     o     6 


%.  Meafiirei  of  Capacity. 


Oentilsiyt 

DeqOitfe 
Hecatpl^e 

KuOlKVB 

Myliililrt 


jodfoa 

.6iotf 

6.ioft$o 

6X40t80Q 

6ia»8ooo 

6io2.toooo 

6xoi8j6oooo 

6xo>8ojooooo 


Englifli. 
Tmt,  H^u  IVkuG.  Pmij, 
s:       o     o     a         2.1x33 
=        o     o      t.         5»i3S* 
=        00    264x9 

=  X        O     X2.X^ 

=;:         XO        X      58.9 


3.  Meaftircs  of  Wdght. 


MiUijpwiune 

Centignunme 

Decigramme 

Gramme 

Decagramme 

Hecatogranune 

Kilo^nmfflie 

Mynograoune 


EHgHfif  grain*, 

.0154 

•1544 

X.5444 
X54440 

154.4402 

15444023 

I5444-0234 

X54440.2344 


Avoirdupoii. 
Potm,     Omh,  Dram* 
o        o        5.65 

03     S.5 

»        J        5 

22        X        2 


lii 


4CE  MEASURES  AND  CUBICAL  INCUK9. 


I  oftheOunce  JtUaaureauaed  by  Dr.  Priatlnf 
to  Cubiad  biches. 


1.898 
3.r96 
5.694 
7.S92 
9.490 
11.388 
13.366 
15.1S4 
ir.082 
1S.980 


20 

31.340 

37.960 

30 

4?.010 

56.940 

40 

62.6BO 

75.920 

50 

78.350 

94.90O 

60 

94.020 

113.8SO 

70 

109.690 

133.660 

80 

135.360 

15I.840 

90 

141.030 

170.820 

lOO 

I56.70O 

189.800 

.000 

1567.000 

1898.000 

-arfcCIFIC   GSATITlifl. 


'  lO,^TjMLt,  sKxirHK-rgE  AgsoLxm  fVEiGmrs  jkd  Spbcifk 
ck4HTtEs  OF  Gases,  akd  tbb  QUAttrirr  or  eacb  AasoaasD 
■Mr  WAttJt. 

fTemperature  60*  Fahrenheit,  Barometer  39.8.^ 


8=    . 

Sii.-y!.  C'lrviiy 

jt'^s 

^•al 

Sl<.nJ.rd. 

"*8J 

:ii^ 

»'a/,r. 

4ir. 

w. 

31- 

1000. 

1.1179 

lOOC 

.. 

rOiygco  Rii.  . 

34- 

•■35 

K. 

3-7 

H. 

jj  d       DiiEo  ditlu    . 

34-74 

t-39 

1117 

D. 

H^Aww™.    . 

30-J35 

98J 

K. 

"■J3 

H. 

~0      Ditto  dTtto.  . 

30-4S 

980 

D. 

2.6.3 

0.10JI 

u 

K. 

1.61 

H. 

-Ammonu,     .    . 

IS.I& 

o.;ij 

J8.! 

K. 

1 

Ditta,  .... 

i8. 

666 

D. 

47500. 
1-10 

HjrdrD-cirburcc  from? 
ftagnant  witer.       J 

10.66 

0.7.J 

DaL 

H. 

1 

Ditto  from  wM«r  over  1 
ignlttd  ch^.o.i,      i 

14-5 

468 

Cr. 

Ditto  from  skobd,     . 

i6. 

516 

Cr. 

J 

Ditto  (torn  ether,     , 

lo.     . 

64J 

Cr. 

^ 

Ditto  from  cod,      . 

io-i 

610 

Dal. 

PhorphDrcIled  hjidlog 

eo 

1.14 

H. 

Sulphuretted  ditto, 

sVise 

i'.36 

1141 

K. 

tog. 

H. 

Ditto  ditto,   .    .    . 

38.17 

113' 

Th. 

' 

Olefiuitgu.  .     . 

1I.IE 

yoj 

Dei. 

li-5 

Dal 

Vipcui  of  aUobol, 

J'-i* 

Dil, 

^tto  •£  nhcr,  . 

6»..t 

"JO 

Dal 

^ 

Carbonic  oxide. 

30- 

1-185 

96; 

Cr. 

H. 

Nitroui  onide,     . 

J0.1 

>-?»5 

i6ij 

86. 

H. 

Nitric  olidc,       . 

37- 

l-46i 

t'93 

k. 

H. 

o 

Ditto  ditto,    .    . 

34-3 

1.36 

D. 

.  ^CirboQicudd,    . 

46.5 

1.IJ4 

K. 

loS. 

H. 

a  \  Di»<>  ditto,    .    . 
a  J  Muriatic  ecid,    . 

4J-5 

i.Soi 

1470 

B. 

44T 

J.76J 

1430 

B. 

ji500> 

T. 

_    » Ditto  ditto,    .    . 
a  f  Nitric  jcid,    .    . 

J9-8 
76. 

3- 

:::; 

K. 
D. 

7o-*'S 

1.75      »40lK. 

1100. 

Jl 

1  i—mSpecific  Gravities  of  Solid  and  Ufuid  Suiitancat  ^ 


Diamond,  white  oriuital, 

SipphiR,  oricaul, 
CuiMt,  Babemiin, 
Bcrrl,  oricnlal,  . 
Hyacinth,  cammon, 
EnMTald,  firom  Per  , 
Ciyfoliihr,  from  Btafil, 
AiBcihyft,  oiiintat, 
Kuby,  oriental,     . 


Sf^if, 


fafper,  brown.      .    .    .    . 

Granite,  Egyptian,    .    .     . 

Roch-CTyftil 

Chalcedony,  bright,  .     .     . 

Carrani  marble 

Alaballcr,  orienta],   .     .     . 

Cornelian, 

Slate,  common  (or  roofa,    . 

Flint,       

Ague,  oriental,    .     .     .     . 

Portlaiid-flonc,  .  .  .  . 
I  Serpentine,  gr«en,  ttaliin, 

i  t}yial,  Doblc, 

I  Pimuee-flone,  .    .     .     .     • 


Sf«i/tt 


Barylei 

Sulphate  of  poialh,       . 
^— ^^^—  alumine,   . 


Nitrate  of  poujh,     .     . 
Muriate  of  foda,      .     . 
Acetiie  of  lead,  .     .     .     . 
Sopci-tartritc  of  poialh, 
Sub-hotate  of  foda. 
Carbonate  of  Potafh,   . 


Green  Lottle.glafs.  . 
Freueh  cryftal-glift, 
French  mirror-glift,  I 

Bn^lifh  flint-glafi,  . 
China  porcelain,  .    . 


H-ff«>- 

Rir»»«. 

Ar«rt 

1-708J 

4.6a.j 

1.J198 

S.636 

1.MK 

1.7109 

..7»60 

1.71, 

lili, 

\kt 

'^ 

m8jj 

..14 

1J4JO 

»-39iJ 

"-9'J3 

1.7130 

»,749 

^''^ 

0.966Q 

1.B14J 

1.J016 

'iff 


J  Roll-fu)phur,   .    . 
1  Phorpborua,      .     ■ 

J  HeavicQ  charcoal, 

7  MLorral  nnphtha, 


SBSCIFIC   GRAYITIBS. 


Tabkoi 


of  Sohdand  Uqmd  Suh^ttmces^ 
'•^Continued. 


IirrtAMMABLIS. 

Camphor,    .... 
X4iqiiid  ammonia. 


0,9887 
0^8970 


WATERS. 

Oiftilled  water,    .... 

Sea-water, {1,0163 

Water  from  the  Afphaltic 
S€»f |i,a403 


AGIOS. 

Sulphuric  acid  of  commerce. 
Sulphuric  acid,  real,      .    . 

Kitricadd, 

Muriatic  acid,      .... 
Concentrated  acetic  acid,    . 

SPIIITDOVS   LIQUIDS. 

Madeira  wine,     .... 

Cyder, 

Brown  beer, 

Burgundy  wine,  .    .    •    • 
Champaigne  wine,    .    .    . 

Brandy, 

Afcohol,* 

Iticric  ether, 

.Acetic  ether, 

Sulphuric  ether^f      .    .    . 
Muriatic  ether,    .... 

ETBIKEAL   OiLf. 

Oil  of  cinnamon,      .    .    . 

Oil  of  doves, 

Oil  of  larender,  .... 
9firk  of  turpentine,     .    . 

FAT   OILS. 

Linfeedoil,     ..... 

Poppy  oU, 

Oil  of  fweet  almonds,   .    . 
Olive  oil, 


ANIMAL   FLDIOS. 

Afles*  milk,     .  .  .  . 

Cows'  miUc,    .  .  .  . 

Human  rniUe,  •  .  .  . 

Huniao' urine,  •  •  . 

ANIMAL   FATS. 

Spermaceti,      .    .    .    . 
Batter, 


ANIMAL   FATS. 

Tallow, 

Mtttton-fuet,  ... 
Train-oil,  .... 
Hogs*-lard,  .  .  . 
Ivory, 


OUMS. 

Common  Gum, 
Gum-Arabic, 

i,850o|Gum-tragacanth, 

1,1150 

1,5800 

1,1940 

ip626 


OUM-aCSlNS. 

Afafoetida, 

Scammonium,  from  Smyr- 

UAy  •         •         •  •         •         • 

Galbanum, 


RESINS. 


i/)38i 
ipi8i 
<i0338  Guaiacum, 

i*^P' 

Ammoniacum,     .    . 

Benzoe,  

darac,     .... 

resin,    .    .    . 

lolophony,      .    .    . 

o,7396|Maftich,      .    .    .    . 

0,7196  Copal,  tranfparent,  . 

Elaftic  reiin,    .    .    . 


Specific 
Grav, 


Is0439  INSPISSATCO   JUICES. 

1^363  Aloe /iug§iriHa, 
098938  Opium, 
>f8697 

wooos. 

Lignum  guaiacum,  .  . 
0,9403  Box-wood,  Dutch,  .  . 
0,9188  French  box-wood,     .    . 

0,9170  Ebony, 

0,9153  Heart  of  old  oak,     .    . 

Mahogany 

Olive-tree, 

^fi$55  Mulberry- tree,  Spanifh, 
1^314  Beechftxee,  .... 
1^0103  Tewwtree,  Spanifh,  .  . 
ipxo6  Anple-tree,      .... 

Pnun-tree, 

Maple-tree,  .... 
0,9433  Chmy-trec,  .... 
0,9413  PQuince-tree, 


Per  Chanflier  0.7980. 


f  Per  Lovitz  0.6310. 


0,9419 
0,9*35 

o.9a35 
0,9568 

i3i5. 
0,9648 


Iy*8l7 

i,45»3 
1,3x61 


M»75 

«.»743 
1,1x10 


x,ii89 
1,1x85 
1,1071 

1,0914 
1,0910 
1,0819 
1,0441 
x,074« 
1.045a 
10.9335 


'.3795 
x,336<5 


1,3330 
i,3«8o 

0,91x0 

1,109 

t  ,17001 

1.063 

0,9170 

0,8970 

0,8510 

0,8070 

0,7930 
o>7850 
.7550 
7150 
,7050 


OF   WEIGHT    TROM    SPEC.    GHAVITT. 


T<Ale  of  specific  Gtavities  of  Solid  and  Liquid  Svhttances, 
— Continued. 


Orangc-trct, 
Walnni-tr«, 
Veat-trte,   . 


■"^M 


—Rules for  Calculating  the  Absolute  from  the  Sfi 
Gravities  of  Bodies. 


In   1696,  Mr. 

fore  ihe  Commiffioncri  of  ihi  Hoofe  of  Con 
bj  ihc  Exchequer  ftandard  foot,  of  diftilltd  water,  at  thr  umpewure  of 
fS°  of  Fihrtnheil,  sni)  found  ii  to  weigh  1131  01.  14  dti.  troy,  of  die 
Eichequer  (Undard.  Ttic  beam  turned  with  6  gn.  when  loaded  with  jO 
pounds  in  each  fcale.  Hoire,  fuppofing  the  pound  avoirdupoii  to  n-ci^ 
7CO0  gn.  troy,  a  cubic  foot  of  witer  weighs  61J  pouodi  aroirdupoii  or 
1000  auoEirt  avoirdupois,  wanting  106  gtaini  troy.  And  hence,  if  ilie  Iim:- 
clfii:  gravity  of  water  he  called  icxxi,  the  proportional  fpcciGc  gravitiei  of  all 
other  bodiei  irill  nearly  cxprefs  the  number  of  avairdupotK  ouncea  in  a  cubic 
foutp  Or,  more  accurately,  fuppoling  the  fpccific  gravity  of  crater  etprcJT- 
ed  by  I ,  and  of  all  other  bodies  in  proportional  ntiniben,  « the  cubic  foot  of 
water  weight,  at  the  ibore  tempentare,  eiiiSly  4374894  gniot  troy,  and 
the  cubic  inch  of  water  15,1.175  grains,  the  abfotuie  weight  of  a  cubical 
'  "  >r  inch  of  any  body  in  troy  Emins  may  be  found  by  mulriplyiDg  their 
*  y  by  either  of  the  above  nunibm  rcfpeftively. 
I's  eipcrimenl,  and  the  prepoi^iont  of  the  En^iOi  and  Freneh 
IDOC,  ai  cftablilbed  by  llie  Royil  BiKiety  and  Ficnch  Academy  of  Sckcca, 
the  following  numberi  are  alccrtaincd  ! 


fuecific  gravity  by 
By  Everartl's  ei 


Parii  araini  in  a  Puis  cube  foot  of  water ma.  645511 

Engjiih  grains  in  a  Paris  euhe  fool  of  waler ^  5)9yis 

Parisffraintin  an  Engiifb  cuhe  foot  of  water       .....  ^  J33MT 

Englifh  grains  in  an  Eiiglilh  cube  foot  of  water       ....  —  437489,4 

KngUfli  grains  in  an  Englifli  cube  inch  of  water      .     .     .     .  ^  li3.t7J 
By  an  otperiment  of  I'icard  with  the  racafure  and  weight  of 
the  Chatclet,  the  Parii  cube  foot  of  water  contains  irf  Pi- 

risgralns —  641316 

By  one  of  Du  Hamel,  nnde  with  great  care =-  641376 

By  Homberg =•      641666 

Thefe  (hew  fome  uncertainty  in  mcafuro  or  in  weighu  ;  but  the  abon 
coinpuniion  from  Eveiard's  ciperimmt  may  be  ttlied  on.  becaufe  the  con- 
parifon  of  the  foot  of  England  with  that  of  France  was  made  by  the  joint 
labour  of  the  Royal  Sucitly  of  London  and  the  French  Academy  of  Sef 
:  It  agrees  likewifc  very  neatly  with  ihc  weight  alTigneJ  by  M.  l^ivdj 


o  Fjri! 


cul>icll  tool  of  wati 


TA^U^.Of   BAUME's  HTOSOXETER.  X^l 


13,«.Table  for  Reducing  the  Degrees  of  Baume^s 
Hydrometer  to  the  Common  Standard* 


Baume^s  Hydrometer  for  Liquids  lighter  than  Water. 


Temperature  $5^  Fahrenheit,  or  icP  Reaumur. 


10 

zx 
1% 

X3 
14 

i6 

17 


5/.  Gr. 
IJOOO 

.990 
.985 

•977 

•970 
.963 

•955 
.949 


^- 

5/,  Gr. 
-      .94* 

19 

-      .935 

10 

-      .9a8 

ax 

-      .912 

2% 

-      .915 

»3 

-      .909 

»5 

:  V7 

^T 

S^*  Gr. 
-       .891 

%7 

-      .886 

a8 

-      .880 

a9 

-      .874 

30 

"      .867 

31 

-      .871 

3* 

-      .856 

33 

-      .85* 

Dtg. 

^/.  Cr 

34 

-       .847 

35 

-       .84a 

36 

-       .837 

37 

-      .83* 

38 

-       .827 

39 

•       Ji%% 

40 

"      .8x7 

Baume^s  Hydrometer  for  Lijuida  heavier  than  water. 


Temperantre  s$^  Fahrenheit,  or  loP  Reaumur. 


Dig4 

Sp.  Gr. 

Dig. 

Sp.  Gr, 

Dig. 

5/.  Gr, 

0 

-     IJOOO 

ax    - 

I.170 

4a    - 

lw»X4 

3 

-    x.oao 

04    - 

i.aoo 

45    - 

1.455 

6 

-    ZJQ40 

a7    - 

i.a30 

48    . 

X.5OO 

9 

-    X.064 

30    - 

x.a6x 

51    - 

X.547 

la 

-    1XA9 

33    - 

x.a95 

54    - 

1.594 

15 

-    Z.X14 

36    - 

X.333 

57     - 

1.659 

x8 

-    Z.140 

39    - 

x-373 

60    . 

X.717 

Dig. 

Sp.  Gr. 

63    - 

1.779 

66    - 

1.848 

69    . 

i.9ao 

7a    - 

a.000 

. — Correspondence  betxveen  different  Thermometert, 


Fahrenheit 'li  thermometer  a  univcrfiillir  ufcd  in  iliu  kinj^ctn.  In  ii 
the  range  between  [he  frrezing  uid  boillne;  poinit  of  water  ii  diTided  io- 
to  t  to  itipett ;  utd  >i  the  gmteft  poffible  degree  of  told  mt  foppoT- 
ed  tfl  be  that  producfd  by  miiing  faow  and  muriate  of  Tada,  ii  was 
nuilc  [he   icro,    and   the   freezing  point    became  31°,   and   the    bojling 

The  Ctntignule  thennameter  placet  the  zero  at  the  freexing  point,  and 
diiidesthc  r^ngc  between  it  and  chi:  boiline  piint  into  100°.  Tbithai  long 
been  ufed  in  Sweden  ondcr  the  title  of  CeTliu&'s  Thennomeier. 

Rciumur'i  thermpmcier,  which  wat  formerly  ufed  in  PnoCC,  dividei  the 
fpace  between  the  [reeling  and  butting  of  water  into  go",  and  pbco  the 
zero  ai  the  (tcczing  point. 

Wedpwood'i  pyrometer  ii  only  intended  to  meafure  very  high  tempen- 
lurcii.  its  zero  mrrcfpondi  with  1077°  of  Fahrenhdl's,  and  each  degirrof 
Wedgwood  i> equal  to  i,io  of  Fahienheit. 

De  LiQe'i  thermometer  in  ufed  in  RuQia.     The  graduaCiDn  begini  at    ''■' 


Therefore  lgo°  F  =  100°  C  =  80°  R  =  Ijc''  D  =. 
(.  To  reduce  centigrade  dcgrei 
and  divide  by  j,  and  to  the  quotic 

I.  To  redoce  Fahrenheit  '•  degrees  to  ccDtigradc,  ^""7  3"  "^  *  ^^  q 

.0  Fahrcnheit'i,  we  have  the  laOialring  foaoa- 


thofe  of  Fahr«nb«il.  inu]tipf]>  by  f 
ld3»,  that  i*.^  '^ ?    I   3?  -.p. 


-  +  32  =  F. 
|.  To  convert  Fahrcnheii  to  Reaumur,  *'  ~ 


J.  To  reduce  De  Lifle's  dcgreci  under  the  boiling  point,   wt 
F  =  1I1  — "  ^  ^.     Toreduce  thofe  above  the  boiling  point,  F  =■ 
4.  D  >C  6. 


6.  And,  Jnverfely,  tt 
boiliiig  point  '060- 
.-=D. 


:e  Fahraibtit')  degree)  to  Dcljle'f.  under  die 
=  D;  above  the  boiling  point  j 

thofc   of   FihrcDhcit,  we  li 


I 


■.  To  reduce    Wedgwood'i  degret 

\t  X  130  -|-  lorr  -F. 

g.  Inverfely,  te  reduce  Fafarenhcic  to  Wedgwood,  £. 


IfijMiB'  «r  tItE  &ftSi9n  6f  tlU*.       il» 


%^TMe  of  the  EffkU  of  Heat. 


1.  Freeing  ffiim$  qf  liS^ddB. 

Fahrenheit, 

— •  55 1  Strongest  Nitric  acidflfie^s  CCavendish^ 
46 1  Ether  and  liquid  ammonia 
S9  Mercury 

36  Sulphuric  acid  (Thomson) 
S2   Acetous  acid 
1 1    2  Alcohol,  1  water 
7  Brandy 
+  1   Strongest  sulphuric  ai^id*  (CtmndlA) 
16  Oil  of  turpentine  (Macquer^ 
SO  Strong  .wines 
23  FlUoHc  acid 

Oils  bergamot'aAd  dnnaiilon 

35  Human  blood 
28  Vinegar 

3tf  Sfilk^ 
32  Oxymuriatic  acid 
Water 

36  Olive  oil 

46  Suli^iiric  add^^^cid&  g^Fttvtty  K^^ 
64  Oil  <^  ttd^eeffib  50  (Tiioittsbto^ 

40  Equal  parts  sulphur  and  phosphorus 

82  Adipocireof  lAiiaCl^ 

97  Lard  (Nichdson) 

99   Phosphorus  (Pell^deiO 
104   Resin  of  bile 
109   Myrtle  wax  (Cadet) 
1 12  Spermaceti  (Bostock) 
127  Tallow  (Nicholson)  92  (Tiiomson) 
149 
145 
155 
212 
2^4 
235 
283 


Bees' wax 

Ambergris  (Ia  Grange) 
Bleach^  wax  (Nicholson) 
Bismuth  5  parts,  tin  3,  ^ead  2 
Sulphur  (Hope)  212  (Fourc.)  185  (Kirw.) 
Adipocire  of  biliary  calculi  (Fourcroy) 
Tin  and  bismuth,  equal  parts 

Kk  k 


kxvi 

F^^^^^l 

TASIE    OF    THE    EFFECTS    OF    HEAT.               ^H 

Fafn-en. 

Wfdg. 

■ 

303 

Camphor                                                ^M 

334 

Tin  3,  lead  2,  or  tin  3.  bismnth  1            ^M 

442 

Tin  (Chrichlon)  413  (IrviDc)                     ^1 

4G0 

Tin  i,  lead*                                                   ■ 

476 

Bismuth  (Irviee) 

612 

Lead(Chrichton)494Clmoc)S*DCNewton) 

700 

Zinc 

809 

3809 

21 

Brass                                                            J 

4387 

27 

Copper                                                        ^1 

4717 

28 

Silver                                                          ^M 

5237 

32 

Gold                                            /^^^^H 

17977 

130 

Cobalt                                         J^^^^H 

20577 

150 

.^^^^^1 

31097 

134 

Soft                           n^^^H 

21637 

158 

Iron                                               '^^ 

21877 

160 

Manganese 

33177 

+  170 

Platina,  Tungsten,  Molybdena,  Urauitu 
Titanium,  Sec. 

3.   Solid*  and  Liyuidt  Volatilized. 

98 

Ether  boils 

UO 

Liquid  ammonia  boils 

US 

Camphor  sublimes  (Venturi) 

170 

Sulphurevaporates  (Kirwan) 

176 

Alcohol  boils,   17*  (Black)                      ^ 

212 

Water  andeasentjal  oils  boil 

219 

Phosphorus  distUs  CPelleUer) 

230 

Muriate  of  lime  boils  (Dalton) 

2« 

Nitrous  acid  boils 

248 

Nitric  acid  boils 

283 

White  arsenic  sublimes 

540 

Metallic  arsenic  sublimes 

534 

Phosphorus  boils 

560 

Oil  of  turpentine  boils                               , 

570 

Sulphur  boils 

590 

Sulphuric  add  boils  (Dalton)  546  (Black) 

600 

Lbseed  oil  boils,  Sulphur  sublimes  (Davy) 

bi 

h 

Mercury  boils  (Dalton)  644  (Sccondat)  600 

(Black) 

^^^^1  ^ 

^^^^^1               MISCELLAMEOUS  EFFECTS    OF    HEAT.             XXVU           ^| 

|P^                         4-  Miscellaneous  Ejects  of  Heat.                             ^^ 

1                Ja*r«. 

WUg. 

1              —98 

Greatest  cold  produced  by  Mr.  Walker 

'                    SO 

Natural  cold  observed  at  Hudson's  bay 

23 

Observed  on  the  surface  of  the  snow  at  Glas- 
gow,  1780 

14 

AtGtasgow,  I7B0 

i         ° 

Equal  parts,  snow  and  salt 

+   43 

Phosphorus  bums  slowly 

59 

66 

to  135,  Animal  putrefaction 

75 

to  80,  Summer  heat  in  this  climate 

77 

Vinous  fermentation  rapid,  acetous  begins 

80 

Hjosphorus  bums  in  oxygen,  104  [Gottting) 

r       88 

Acetification  ceases 

96 

107 

Feverish  heat 

)2a 

Phosphorus  bums    vividly   (Fourcroy)    148 
(Thomson) 

130 

166 

Albumen  coagulates  156  (Black) 

303 

Sulphur  bums  slowly 

635 

Lowest  heat  of  ignition  of  iron  in  the  dark 

800 

Hydrogen  burns,   1000  (Thomson) 

802 

Charcoal  bums  (Thomson) 

10  JO 

Iron  red  in  twilight 

1077 

Iron  red  in  daylight 

1300 

Azotic  gas  bums 

1077 

1 

Iron  red  in  daylight 

1300 

+  2 

Azotic  gas  bums 

1807 

6 

Enamel  colours  burned 

2897 

14 

Diamond  bums  (M'Kenzie)  5000  (Morveau) 

6507 

40 

Delft  ware  fired 

8480 

57 

Working  heat  of  plate  glass 

10177 

70 

Flint  glass  fumace 

123S7 

86 

Cream  coloured  ware  fired 

13297 

94 

Worcester  china  vitrified                                          . 

U337 

103 

Stone  ware  fired                                             ^^^^^^| 

14737 

105 

Chelsea  china  fired                                    -  ^^^^^H 

15637 

112 

Derby  china  fired                                       i  ^^^^^^H 

JS897 

114  '  Flint  glass  Furnace  gi-eatest  heat              t^^^^^H 

16007 

'  Bow  china  vitrified                                    *^^^^^H 

16807 

124     Plate  glass  greatest  heat                              ^^^^^H 

17327 

125     Smith's  forge                                                ^^^^H 

:iOS77 

ISO     Hessian  crucible  fused                                ^^^^H 

2S127 

185  {  Greatest  he»t  observed                               ^^^^^H 

«.  T^k^i 


AJte  y  JLr»7.      TayNTdM 


-     at 

isa 

14J> 

~  .» 

193      • 

-      I8J 

-        J8 

303 

2s.r 

-     « 

313     - 

-    :«< 

■      l^fi 

SS3 

3TA 

.  i.r* 

212      - 

•     4CS 

-      2-37 

U3 

5TJ 

.  X.U 

3&3      ■ 

-     WJ 

.      4.lfi 

SS3 

9S^ 

.  S.4S 

272     - 

-    9rj 

.      T^ 

3S3 

-      lot. 

153 

ti  «r  fl*  «^^  af  *  S^OMiK  ff  the  Mnchcsicr  Secwtr," 

gmafe*  $fev  IMub;  the  nuialm*  bekwaiS  tkgma  from 
I  niiiJMiW  md  the  hagbcT  tmxmben  Eron  cslcuhliat.  Mr. 
Jh^tKirr^T  tewetcT.  tjiuft»»s  Id  btre  obtuned  all  the  above 
fcsohsfim  > 


I 


V4BU#f 


Sxpantian  qf  aghfm  iuU 
32*  am/S13*  JMirenheiU 


VHmf. 

■  * 

5Sj: 

Buit. 

7  -.rtp. 

BulL 

S30 

100000 

59^ 

105616 

86* 

1 1 1939 

n 

100808 

60 

105894 

87 

111440 

04 

100416 

61 

i06033 

88 

111648 

85 

100694 

69 

106940 

89 

1 1 1856 

36 

100889 

63 

106448 

90 

1 19*^64 

37 

101040 

64 

106656^ 

.A  91 

119979 

38 

101948 

65 

106864 

99 

119486 

89 

101456 

66 

107070 

93 

1 19688 

40 

101664 

67 

107980 

94 

119896 

41 

101879 

68 

107488 

95 

113104 

48 

109080 

69 

107696 

96 

113319 

43 

109908 

70 

107904 

97 

113590 

44 

109496 

f\ 

108119 

98 

113798 

45 

109764 

73 

108390 

99 

113936 

46 

109919 

73 

108598 

100 

114144 

4T 

103190 

74 

108736 

110 

116994 

48 

103398 

75 

108944 

190 

118304 

49 

103536 

76 

109159 

130 

190384 

50 

103744. 

77 

109360 

140 

199464 

51 

103959 

78 

109568 

150 

194544 

53 

104160 

79 

109776 

160 

196624 

53 

104968 

80 

109984 

170 

198704 

54 

104576 

81 

110199 

180 

13 '784 

55 

104784 

89 

110400 

190 

132864 

56 

104999 

83 

110608 

900 

134944 

57 

105998 

84 

110816 

910 

137024 

58 

105408 

85 

111094 

919 

137440 

TABLE  OS   tat   rORCE  or  BTCAH. 


3.  Table  of  the  Force  of  Steam  at  different  Tempn-a*Ttmy 
from  actual  experiment.  fBetancourt  in  Prony*a  Ar- 
chitecture Hydraulique.) 


p.-..!. 

M^rdlnx. 

1S2" 

-    9.07 

172 

-   11,0 

183 

H.» 

. 

192 

-  la.r 

203 

.   23.T 

. 

213 

-.    29.e 

SSZ 

37.4 

333 

•  4G.S 

a 

S43 

57.3 

-  3.u> 

SS3 

-  6D.r 

4.16 

3SS 

88.6 

-  S.43 

272  - 

-  97.1 

7.00 

382 

-   108. 

152 

In  the  Sth  volume  of  "  Memoirs  of  the  Manchester  Society," 
a  table  of  the  force  of  vapour,  for  each  degree  of  Fahrenheit,  is 
given  by  Mr.  Ualton  ;  the  numbers  below  212  degrees  from 
experiment,  and  the  higher  numbers  from  calculation.  Mr. 
Belancourt,  however,  professes  to  have  obtained  all  the  above 
results  from  actual  experiment. 


TAILS  OV  iXPANftfOil  BT  HEAT. 


4.  ToMf  0/*  Ift^  Expansion  of  a  given  bulk  of  Air^  bttxveen 

32*and212''  Fahrenheit. 


Tgmp. 

Buik. 

Temf. 

BulL 

7  rtp. 

Bc-IL 

820 

100000 

59*> 

105616 

86* 

111332 

3S 

100308 

60 

105834 

87 

111440 

34 

KX)416 

61 

106033 

88 

111648 

35 

100634 

63 

106340 

89 

111656 

36 

100833 

63 

106448 

90 

113*>64 

37 

101040 

64 

106656 ' 

.  91 

113372 

38 

101348 

65 

106864 

93 

112486 

89 

101456 

66 

107070 

93 

113688 

40 

101664 

67 

107380 

94 

112896 

41 

101873 

68 

107488 

95 

113104 

43 

103080 

69 

107696 

96 

113312 

43 

103388 

70 

107904 

97 

1 1 3520 

44 

103496 

71 

108113 

98 

1 1 3738 

45 

103764 

73 

108330 

99 

113936 

46 

1039 13 

73 

108528 

100 

114144 

47 

103130 

74 

108736 

110 

116324 

48 

103338 

75 

108944 

130 

118304 

49 

103536 

76 

109153 

130 

130384 

50 

103744 

77 

109360 

140 

122464 

51 

103953 

78 

109568 

150 

124544 

53 

104160 

79 

109776 

160 

126624 

53 

104368 

80 

109984 

170 

128704 

54 

104576 

81 

110193 

180 

13 "784 

55 

104784 

83 

1 10400 

190 

132864 

56 

104993 

83 

110608 

200 

134944 

57 

105330 

84 

110816 

210 

137024 

58 

105408 

85 

1 1 1034 

312 

1 37440 

EXPANSION 


5.  Table  of  the  Expansion  of  Li^idt  hy  Heat. 


Jlffr^irry.        Qd. 

Sutfhuri.i  Hitrh    1                        Oil<^ 

r^f. 

AiU.         A~id.       Wjlif.     T»r/,B. 

Ak.AJ. 

32= 

looooo'iooooo 

—      1      —      1      —            — 

10000( 

40 

lOlWBL 



99752    99514]     —          — 

10OS3S 

SO 

100183 



lOOOOO,  100000  100023  100000 

101  lOi 

60 

100304 



100279  100486  10(j091  100460 

loresf 

70 

100406 

_ 

100558  100990  100197  100993 

I0238I 

80 

100508 



100806 101S38 100333 101471 

102890 

90 

100610      — 

101034  102088 100694 10193 

103517 

100 

100712  102760 

1013)7  103630  100908  103446 

104 15i 

no 

100813 

101540  103196      —       102943 

__ 

120 

100<)1S 

101334  103776  101404  103421 

_ 

130 

101017 



102097  104352      —       103954 



140 

101119 

— 

102320  10S132      —      104573 

-_ 

ISO 

101220 

102614      —       102017      — 

160 

101323      — 

102893      _           _          _ 



170 

101424      — 

103116      —           —          — 

— 

180 

101526     — 

103339      _           _          _ 

190 

10162B      — 

103587     —      103617     — 

_ 

200 

101730      — 

103911      _           _          — 

^^ 

212 

101835 1072S0 

—          —      104577     — 

— 

f>.   Table  of  the  Expansion  of  Water  by  Heat. 


T.-ifi. 

£.^.V^- 

r.^f. 

E.f^y^. 

42.5" 

I 00000 

112.5° 

100777 

52.5 

100030 

122.5 

10100S 

63.5 

100106 

132.5 

101230 

73.5 

100182 

142.5 

10 1 495 

82.5 

100273 

152.5 

101755 

93.5 

100471 

162.5 

103040 

103.5 

100634 

172.5 

103260 

TABltB  OV   EXPANSION    BT   HEATi 


XXXI 


7.  Tabk  of  the  Expansion  of  Solids  by  HeaU 


Ttwtp. 

FUti- 

AntimM, 

Steel. 

Ir$m, 

JroM' 

Si/myth. 

,   32© 

212 

White? 
httt»  5 

120000 
120104 

120000 
120130 

120000 
120147 

123428 

120000 
120151 

121500 

120000 
122571 

120000 
120167 

1 

O^pper. 

Brifi. 

Mrafs 
Wire, 

T$M. 

Lead. 

Zimc. 

S2» 
313 

120000 
120204 

120000 
120225 

120000 
120232 

120000 
1 20298 

120000 
120344 

120000 
120355 

1 

Hmmmn- 
ed  xint. 

Tm   1 

Lead% 
Tim    X 

Bru/s  1 
Zmc   I 

Fruiter. 

^\ 

32** 
1     212 

120000 
120373 

120000 
120323 

120000 
120301 

120000 
120247 

120000 

120274 

120000 
120218 

Expansion  of  Glass. 


Temp. 

BuiA. 

Temp. 

Bidk. 

Temp. 

Bulk. 

32<> 

50 

70 

100000 
100006 
100014 

100® 

120 
150 

100023 
100033 
100044 

167*» 

190 

212 

100056 
100069 
100083 

*  RininaiL  f  Borda. 

\  The  metal,  whofe  expanfion  ii  here  given,  was  an  alloy  compoTed  of 
three  oartt  of  oo|»per,  and  one  of  dn.  The  figures  in  fomc  of  the  preced- 
ing coliimna  are  to  be  vnderftood  in  the  fame  manner.  Thus,  in  the  laft 
column  but  two,  the  metal  conlifted  of  two  parts  of  brass,  alloyed  with  one 
of  zinc. 


XXXli  TABLE   OF   FHEEZIKG   MIXTtJUI?. 


8— Tafifc  of  Freezing  Mxtures. 


1 

i 

■ 

Muriale  ofammonia  i  parts 
Nitre     .    .     .    .     s 
Water   ...        16 

From  50"  to  10' 

Muriate  of  ammonia  S 
Niti'c      .     .     .     .     S 
Sulphate  of  soda       8 
Water  ....   16 

From  so  to  4 

Water   .     .           .      L 

From  50  to  4 

Nitrate  of  ammonia  1 
Carbonate  of  soda     1 
Water   ....      1 

From  so  to  7 

Sulphate  of  soda  .     3 
Diluted  nitric  acid     2 

From  50  to  3 

Sulphate  of  soda  .     6 
Muriate  ofammonia  4 
Nitre      ....     2 
Diluted  nitric  acid     4 

From  SO  to  10 

Sulphate  of  soda  .     6 
Nitrateof ammonia  5 
Diluted  nitric  acid     4 

From  SO  to  14 

Phosphate  of  soda     9 
Diluted  nitric  acid     4 

From  SO  to  12 

Phosphate  of  soda     9 
Nitrate  ofammonia  6 
Diluted  nitric  acid     4 

From  SO  to  a  1 

Sulphate  of  soda   -     B 
Muriatic  acid       .     5 

From  50  too 

1 

m.            J 

TMttt  ^t  rttHtttftfe  WttfVkKs. 


Taile  of  Freezing  mixtures — Continued. 


JW;»n.r«. 

r.™„„;.^. 

Sulphate  of  soda     .     s  parts 
Diluted  sulphuric  acid  4 

From  50°  to  5' 

Snow 1 

Common  salt      .     .     1 

From  32  to  0 

MnriBte  of  lime     .     3 
Snow 2 

From  30  to  —50 

Pouwh      ....     4 

From  32  to~SI 

Snow I 

Dilated  sulphuric  Bd<t  1 

From  20  to  —60 

Snow,  or  pounded  ice  2 
Common  salt     .     .     1 

From  0  to  —5 

Snow  and  diluted  nitric  acid 

From  0  to  — 46 

Muriate  of  lime      .     3 
Snow 1 

From  0  to  —66 

Snow,  or  pounded  ice  I 
Common  salt      .     .     5 
Muriftte  of  amtnOnia 
w»d  nitre    ...     5 

From— 5  to— 18 

Jinow 3 

Diluted  sulphuric  acid  1 
Diluted  nitric  acid  .     1 

From— 10  to — 55 

Snow  or  poundtd  ice  12 
Common  sail     .     .     5 

From— IS  to —35 

Muriate  of  lime           3 
Snow 1 

From  —40  to  —73 

Diluted  sulpburic 

add       ....  10 
Snow 8 

From— 68  to —PI 

xnvi        TABLft  at  TBE  SOf.DJIlUTir  Q»  SALTS. 


No.  III. 


-Table  of  the  Solubility  of  Sabs  in  Water. 


KAMES  OF  SALTS. 

A  60",         A»t»». 

cuS 

.■''^. 

JO. 

0,69 

Very  Wuhle 

5r- 

Vcry  hlubic 
Very  folulile 

□,6 

'■? 

Very  MMi 
do. 
do, 
do. 

Vtry  fqUblc. 

Infoluble. 
Infuluhlc 

Infolubl;. 

4-»7 

0. 

83 

■CO. 

66. 

>.«J 

50- 

JO- 
JO. 

UnliniiKd. 
50. 

+  .W. 

BDt«ic,  .        ,        . 

Mo!ybd™ic         .        . 

Suberic, 

SALIFtABLE 

BA 

ES. 

cryfloUizcd,    . 
Limi.       . 

SALT 
AuUtc  of  ammonia, 
hiryiH, 
lime, 
mognciia, 

toda,  '    . 

C«boi«te  of'^i'monia, 
barylts, 
linif. 

Orontiio. 

S. 

o 


viAMB  «r  n»-  fnvMuw  or  uiri*     nxvfi 


Taiui  !/*<&«  SfMU^tfSalu  in  W«»tr,r-Con^mt4. 


■1  "mJH 


NAIftt   or    SAITS. 


•ALTS. 

C>niphoiitc  of  mimonh, 
Mrytdy 
lime. 
poiaAy 
QiMta  of  IqiU, 

liiae,       . 
Ifyposwyinpiriate  off  taryto, 

mercury, 
pouih, 
foda, 
A(uiriiteoff  ^yntwoiuiy 
b^iTtet, 
Irad, 
Hme,      . 


ipcrciuyy 


l^uoticeib 
Mitrsio  off  snunooiSy 
Mfyteii 
lime, 
magDefia, 
potefli, 
Ma, 
ftrootitet, 
Oialateof  ftrootites, 
Phofphate  of  ammonia, 
barytei,    . 
lime, 
mapiefia, 
pottih,  • 
foda, 
ftrootites, 
Fhofphite  of  ammonia, 
barytei, 
potaih, 
Solute  off  immiwia, 
barytet,  . 
copper,  • 
iroii,  • 


iMUkym 

160  j^i^irf 

WiMr                 1 

^#6oO. 

-^/  411®. 

1. 

33. 

ai6 

0-5 

33- 

+  33. 

6a 

Infdvble. 

»5- 

+  »5. 

*4- 

6. 

40. 

35. 

+  35. 

33* 

loa 

aa 

+  «a 

4-5 

. 

aca 

loa 

5. 

50- 

33. 

* 

a  1-30 

354» 
Ua 

}d.x6 
Unlimited 

•^2- 

aca 

9. 

»5. 

40a 

loa 

-(•loa 

14.35 

loa 

33- 

-(-10a 

loa 

aca 

a  1-19 

»5. 

+w- 

a 

a 

a 

a 

6^ 

Verr  folnble. 

»5. 

50. 

a 

a 

^^. 

+50. 

0.J 

33. 

^Zl- 

50' 

loa 

0X30% 

»5. 

.  ^°" 

5* 

+100. 

OTVlii         TABtE   OF  THE  SOtOBUlTT  or  SAITS. 


Table  of  the  Solubility  of  Saitt  in  Water' — ConttrtUed. 


:^ 


1,    & 


nupicGa,  . 

of  ponlh, 
Toda,. 


Supcr-DuUtc  of  i>oi 

lUtrilc  of  p< 

Tanrilc  of  potalh. 


ur. 


eC 


«oi.imusnr  or  sai.t«  u  algoboju       xdw 


2. — Table  of  Substanca  Solubk  in  Akohoh 


HAMBt   or    SUBSTANCES.                              tumpt" 

lOOparUAl' 

rature. 

eohoi  dutel'oe 

Aceute  of  copper, 176^ 

1-5 

(bda, 

176^ 

46. 

Arfenate  of  potaft,     . 

1       I 

do. 

3-75 

feda,     .        .        , 

do. 

1-7 

Bondcadd,       .       .       . 

da 

la 

Camplior,    . 

da 

7J. 

da 

7. 

54f 

zoa 

uipper,     . 

loa 

ITQBy 

n(fi 

xoa 

lime, 

da 

loa 

da 

^il' 

mercurf,  . 

^^k 

88.3 

sisc. 

s^M 

20a 

Mitnte  of  ammonia,   . 

1760 

89.9 

54f 
J4| 

zoa 

cobalt. 

zoa 

lime. 

• 

115- 

nhrer. 

176O 
da 

i9 

41*7 

Socdnic  add, 

da 

74- 

Sugar,  refif  d, 

da 

^i 

Snperanlate  of  Mtalh, 
Tartrice  of  potaih. 

•- 

m 

^      1 

Otbbe  Substamcbs  solublb  im  Alcobol.  Allthe  adds, except  the 
folphuric,  nitric,  and  oizy-Drariatic,  which  decompofe  it,  and  the  phof- 
phoric  and  metallic  acidsif— Potaih,  foda,  and  ammonia,  Tcry  (bluble. 
Soaps  ;  extra^ ;  tan;  Tobdle  oils ;  adipodre ;  refins;  urea, 

Substances  insoluble,  ob  vebt  spabinolt  soluble  in  Alcohol. 
Earths ;  phoTphoric  and  metallic  adds ;  almoft  all  folphates  and  carbo- 
nates ;  the  nitrates  of  lad  and  mercury ;  the  muriates  of  lead,  filver» 
and  foda,  (the  laft,  per  Cheneviz,  fparingly  foluble)  ;  the  fub-borate  of 
feda;  the  tartrite  of  foda  and  potafli,  and  fuper-tartrite  of  potafh; 
fixed  oils;  wax ;  ftarch ;  gum ;  caoutcfaoiic ;  woody  fibre ;  gelatine ;  il- 
biimen,  and  gluten. 


TABLE  Ot  GOXPOSITIOM  OT  SALTS.  sli 


V   § 


iiilllikilililjil 


INCOMPATIBLE   SALTS> 


4. — Table  of  Incompatible  SalU.* 


iNitniu  or  ILme  and  nuglKiU, 
Murines  of  Umc  ud  ni*gncu>' 
rAlkalict, 

ICu-bonxc  of  magnciu, 
(  Muriate  of  baryta. 

SAiluliu, 
Muriate  of  barytei, 
Nitrite,  murialc.  arbooite  of  lii 
(Jarbonwe  of  Magneso. 
rAlkalic), 

1  Muriate  of  baiyto, 
(Nitrate  and  mutiate  at  lime. 


4,  Sulphate  of  magneua 
j.  Sulphate  of  iroo 

6.  Muriate  o(  harytes 

7.  Muriate  of  lime 

8.  Muriate  of  migiiena 

9.  Nitrate  of  lime  ■    ■ 


<  Muriate  of  barfiei, 
(^  Earthy  carbonatei, 

S  Alkaline  earboDileii 

(_  Earthy  carbonatei. 

C  Sulphate),  eicept  of  line. 

<  Alkaline  carboaateii 

^  Carbonate  of  magncua, 
5  Alkaline  carboutrt. 
>  Alkaliuc  lulphatei. 


5. — ^uataittj  of  Real  Acid  taken  up  hy  mere  AUalia  4 
Earths,  (Kinvan.J 

1 

S,lfb„i.. 

KilrU. 

M«-Uiu. 

C^rt«^Ao^ 

1 

Potaih. 

Sula. 

Ammonia, 

Baryt. 

Stronlia. 

Lime. 

Magnesia. 

Alumine. 

117.68 
J8j,8 

50. 

7MI 
14.1. 
17»,64 

84*6 
'& 

■79  J 

110, 

J6j 
73^1 

lOi,  atooft. 

V*fnUle. 

ig], 

100,  Fourcror- 

h 

*  That  U,  hIu  which  tumot  eiirt  logcther  in  wlotiint,  without  ms 

ccomposition. 

TAILS  or  mrruAL  satukatiok. 


xliit 


6.-^^uantity  of  AlkaVies  and  Earths  taken  up  by  100  parts 
of  real  Sulphuric^  Nitric^  Muriatic  and  Carbonic  Acids, 
Saturated,  (Kirwan.) 


lOO  ParU, 

Ptiasb, 

So^. 

Ammnmm. 

Baryt, 

^Stmituit 

Lime» 

Mag. 

Sulphuric 
NTitrous. 
Muriatic. 
Carbonic. 

laiyiS 

"7.7 
177.6 

95.1 

78.3» 

73.3 
136,* 
«49.6 

40»S5 
58y|8 

aoo» 

178,1a 
314.46 
354»J 

X38. 
116,86 

ai6,ai 
a3i.  H- 

70, 

"8,3 
laa, 

57,9» 
47,64 
898, 
50. 

7. — ^Table,  by  RiCBTER,  of  the  Quantity  of  each  Base  re- 

Siired  for  the  Saturation  of  the  different  Acids,  (From 
ertuoli^t'^s  Statique  Chimiquej  Ire  Partie,  p.  136.) 

The  ezperiments,  from  which  the  following  Table  was  deduced,  we  are 
anured  by  JBerthoDet,  were  the  principal  occupation  of  Ridhtei  from  the 
year  1791  to  1800;  and,  from  tne  attention  with  which  they  were  per- 
formed, appear  to  be  dctenrine  of  conaiderable  confidence.  An  example 
wUl  best  eiqplain  the  method  of  using  the  Table.  Take  the  article  fatatt 
in  the  first  column,  opposite  to  whicn  is  placed  the  number  1605.  The 
numbers  in  the  other  colunm  (hew  how  much  of  each  acid  is  required  to 
saturate  1605  ports  of  potasfa«  vis.  4a7  purts  of  fluoric  acid,  577  of  car-* 
bonic  acid,  &&  In  a  sunilar  manner,  take  any  acid  in  the  second  column, 
the  oxalic  for  infiance :  The  first  column  shews  how  much  of  each  base  ef- 
fects the  saturation  of  755  parts  of  oxalic  acid,  tIz.  5a5  of  sdumine,  615 
of  magnesia,  &c 


BASES. 


Alumine 

Magnesia 

Ammonia 

Lime 

Soda 

Strontites 

Potash 

Barytes 


5^5 

615 

67a 

793 

859 

1329 

1605 

aaaa 


Fluoric 

Carbonic 

Sebadc 

Muriatic 

Oxalic 

Phosphoric 

Formic 

Sulphuric 

Succinic 

Nitric 

Acetic 

Citric 

Tartarons 


ACIDS. 


447 
577 
706 

7i» 

75^ 

1006 
iao9 

1405 
1480 

1563 
1694 


fiDHWftlTIOH    or  KlDtlC    ACID. 


—Table,  Shewing  the  Specific  Gravity  of  Mixtures  «| 
Akohol  ami  Water.* 


CrobL-Hf/art. 

"" 

"=  =»-""■""■ 

rf,b.Mi*l-t. 

CbaM.iKT. 

(la,l  T.W..) 

O.J91IO 

% 

0.8340 

o86»o 

0.87606 

0.87515 

O.S8761 

0.8880 

O.89B83 

d 

0,9110 

0.9.98, 

0^130 

0.93J4 

0,94165 

0.94716 

0.9514 

0.95865 

0-965.15 

0.96736 

0.97137 

0.97*05 

0.97713 

0.9815 

0.9866 

0.987^7 

0.99835 

9. — Table,  Shelving  the  Component  Partt  of  Nitric  A 
of  different  Colours  and  Densities,  by  Mr.  Hi 


100  Pari.. 

Crav. 

y^,..  G^ 

m 

1.504 
1.501 
t.500 

1.480 
1.479 

M78 
'■476 
1.475 

86.84 

86j5o 
8J.4 
84.8 
B4.6 

8.45 
8.3 
8.  to 
7.6 
T-55 
7-5 
7-44 
7.4 

1- 
1.96 

M 

It 

ChluOiu'V  alcohol  hid  the  CpttiBc  gravity  of  0.79S ;  isd  Gilpin's 
thai  Dj  cSij.    The  Tiblci  of  Gilpin  arc  to  be  fouad  io  the  Pbilolbiihicil 

Tnnbaippi  Foi  1794- 


AjyOAUM  M  .vrr  AW  .*n> ,  imou. 
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No.  IV. 


I. — ^Table,  Shewing  some  of  the  ^uoBtiea  of  Metals;  the 
Proportion  (^Oxygen  with  which  they  Combine;  and  the 
Colours  of  their  Uxidesj  (CompikJfrom  two  of  the  Tables 
in  Thamsorfs  Chemistry. J 


Md^h. 


Gold 


Platina 


PaUadiom 


Rhodium 


Ofinium 


SUver 


Bteouy 


Copper 


Iroo 


Tin 


C4mr. 


IGrav, 


Tellovr    ti9'36i 


Fmmt, 


Whkc     Ifta-OOO 


WhiU       11.871 


White      -fii. 

\ 


Whke 


3»W. 


N9.9f 

Oxideu 


+ 170  W. 


-f  z6oW. 


-f  160W. 


I+160W. 


mr 


Blue        I 
White      bo^lO 


h 


■rp 


White     kl.568 


\ 


Red         I  8.895 


Blliio> 
gt«y 


White 
I 


7.788 


aiW. 


i^« 


— 39F. 


^NW" 


»7  W. 


158  W. 


7«J9|    44»F. 


I 


ft 


I 
2 


1 
ft 


CtUmrt  ^ 
Oxides, 


ofOxygem. 


Purple 
Yellow 


Green 
Brown 


Blue 
YcUow? 


Yellow 


z 
ft 


Blue? 
iRed? 


I 


I 
ft 

3 


I 
ft 


Trans- 
parent 


OUve 


Black 
Red 


I 
ft 

I 
ft 


Red 
Black 


Bkek 

IRed 


Orer 
White 


la 


.74 
0.15 


zft.8 


5- 
II. 


13- 


37. 
9»-3 


38.8 


xlvi  QUALITIES  OF  METALS  AND  OXIDES. 


Table,  Shewing  some  of  the  ^utliths  of  Metak, 
Continued. 


1 


Mcl.U. 

Ccl«.r. 

S 

t:^^ 

>»;.,. 

^0-a"- 

Uad 

Bluei^>- 
whilc 

"■3J» 

6itF. 

Ydlow 
Red 

ia.6 

Nickel 

White 

S.61S6 

4.160  W 

BUA 

iS. 

Zinc 

Wh.tt 

«.e6i 

6S0P. 

Ydlow 
White 

13-6 

Bismuth 

Wliltc 

9.8« 

47«F. 

Vellow 

». 

Antimony 

Gr.y 

6.;.. 

809  P. 

a 

White 

DiHO 

30. 

Ancnic 

While 

8.3.0 

+  «ooF. 

Wh.tc 
White  (»cid) 

SS- 

Cobali 

White 

7-700 

130  W 

Blue 

Green 
Black 

Maiigjncie 

While 

6.BJ0 

fi6oW 

White 

Red 

Black 

Molfbdeoa 

Grer 

8.600 

+170W 

Lighi-brown 
Violet 
Blue 
tt-hite 

3+ 

Tdluritim 

Whiw 

6..t, 

+  6t.F 

White 

TuDgnen 

Grcyiih- 
while 

17.6 

+.70W 

Bl«k 
Yellow 

«■ 

<I».ium 

G«y 

9.000 

+170W 

Black 
Yellow 

•i-'i 

^Aimia  OF  MBTAJUB  AND  OKIPE8. 
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Table,  Shewing  some  of  the  Qualities  of  Metals^  &fc. — 

Continued. 


MOmIs. 

GMIWf% 

Grav. 

Ftuimg 
Pomt. 

No,  of 
Oxide*, 

Coiomr*  of 
Oxidet. 

Pr^r, 
•f  Oxygen, 

Tttaninm 

Red 

+170W. 

1 
% 
3 

Blue 
Red 
White 

Chromhim 

White 

+170W. 

I 
% 
3 

Green 

Brown 

Red 

aoa 

Colnmbiiim 

White 

Tanttlium 

White 

Cerium 

White 

z 

White 
Red 

N,  JB^The  numbefii  in  the  laft  columA  of  the  foregoing  Table,  deiMCe 
the  quantity  of  ozyrai  with  which  zoo  parts  of  each  metal  combine. 
Thvt,  to  form  the  black  oxide  of  iron,  zoo  parts  of  the  metal  absorb  37 
oxygen,  and  afford  Z37  of  an  oxide,  which,  m  zoo  parts,  contain  17  iS. 
oxygen^— In  the  coiimm shewingthe  fusinff  point,  W.  added  to  the  nu- 
monls,  dencte  the  degrees  of  WedgwoocTs  pyrometer,  and  F.  those  of 
Fahrenheit's  thermometer. 


2. — (hlour  of  the  PretipiXaUt  thratim  dovm  fn\ 
Solutions,  by  var'twx  Re-agents. 


M>Ut,. 

Fr.J/itl^ 

fl.rH.. 

P 

1 

1 

Gold 

Ydlowifh- 
wliiu. 

led  green- 
Hrecrpitate 
brown  of  re. 
duced  gold 

Vdlow. 

T«Uow. 

Pblini 

bac   in    0- 

loured  one 
bypruTs-of 
mtrcury. 

Diilt-grten 
lalcr. 

Precjpiiiwd 
in  3  meul- 
licftaLc 

iilVFC 

WTiilc. 

YtUowifh- 

Bhdt. 

Bb.L   'J 

\ 

tkr«(T 

While 

o™,.,d 

Bl«k. 

B^o.»ld 

PallxUum 

Olirt,* 
Detp 

Dark- 
brown. 

Dirk- 

Rhodium 

No  precip. 

Nopredp. 

iridium 

lifchiTgcd. 

tate.    C^ 
lour  of  fu- 
iutions  6\i- 

( 

ormium 

Poryte, 

' 

#M«mtATtfr  tMn  M^AUM  BblL^^MfrB*     xl^ 


Colour  (ff  Precipitates  from  Metallic  Solutions ^  &?c.,— ^ 

Continued. 


MdsU. 


Ubp^rf 


Brigiit 
di(k- brown. 


Iron. 


[.  Gteenlalti 
2.  Red  bits. 


Tin 


Nickel 


—t^ 


Lead 


fiiimnth 


Antimony' 


PruJfiaUd 
Mkmlia. 


Tmaure  of 
GaiU. 


fVaterim'     I 

r*-  j 


Brownilh.     B&ck. 


Whka, 
changing 
to  blue. 

t)eepblue. 


Green.         °rT*- 


No  precipi- 
tate.  BlackJpi 


white. 


White. 


White. 


White. 


• 


White. 


White. 


Not  pred- 
itated. 


Not  preci- 
pitate. 


No  prec^ 


Brown. 


White. 


No  precip. 


brange. 


A  white  ox- 
ide merely 
from  dilu- 
tion. 


Bbdc. 


Bhck. 


BfaidL 


Black. 


Black. 


YeUow. 


BlacL 


Orange. 


BUck. 


White. 


BhcK. 


Orange. 


Teliuriom 


Cobalt 


Arfenic 


Manganese 


Chrome 


IMolybdena 


No  precip. 


YeUow. 


Blackift. 


White. 


Little 
change. 


Browniih- 
yellow. 


Yellowiih- 
white. 


Yellow. 


YcUow. 


Yellowilh- 
white. 


Not  preci- 
pitated. 


Black. 


No  precip. 


Green. 


Brown. 


Brown. 


Deep- 
brown. 


Not  preci- 
pitated. 


Brown. 


White. 


Orecn. 


OXtGtM  UlOtBBD  BT  COmomiUB. 


t 


3.— Table,  Shewing  the  Maximum  ^^antity  of  Oxtfgen 
taken  up  hy  different  Suhtances. 


SIMPLE  COMBUSTIBLES. 


xpo  Hfiff^fCD  unite  wiKb 

xdo  Ottflm 

400  Aioie 

100  MuttttlC  ACKl     •     • 

100  PboahoTOi     •    •    • 

300  Sufollf 


•  597'7  Oiygcfu 

.  S36. 

•  194. 

•  IJ4. 

.     71-3 


METAL& 


100  Ghrome  comlniie  with 

zoo  Ina      

100  Mt^pnoe    .    .    •    • 

joo  Axieuc 

xcx)  Tm 

100  Amimooy  .... 
100  Zac       'I 

?S22r  (    • 

xoo  Tungrtenj 

100  roCILUl'y     .     .    •    •     , 

100  Phtiu 

JOO  Siher 

xoo  Bimiith     .... 
100  Gold 


Ml 
59- 


ic. 


Colour  of  Prtc'tpitatcs from  Metcdlk  Solutions,  t?r,- 
Coia'mued. 


MiUh. 

AlkatU: 

TinHurr  •,/ 

J^".^. 
,«^^^ 

"^rl 

Uraninm 

Browmsh- 
red. 

CWoUie. 

^z:A 

ningw 

1 

"-- 

r,12^ 

Rrddi^-      iNot  pred- 
btown.         ipiated. 

Gna^-gnai. 

ColumMum 

Olive. 

o™g.      1 

Chocolale. 

rBnulium 

1 

Cerium 

YcUDwiih. 

/ 


OXTGEH  AB80&B£D  BT  COMBUSTIBLES. 


li 


3«— Table,  Shooing  the  Maxinmm  ^antity  of  Oxygen 
taken  up  by  Afferent  Substances. 


SIMPLE  COMBUSTIBLES. 

200  Hydrogen  unite  with 597.7  Oiygen. 

ido  Cmon       257. 

Jioo  Azote S3& 

xoo  Mumtic  Add 194. 

100  Pfaoqilionis X54. 

xoo  Snlpbur 71.3 

METALS. 

100  Chrome  comhine  with aoa    Oxygen. 

100  Iron       92.3 

100  Mai^^aneae 66. 

100  Anemc S3- 

200  Tin 38.8 

xoo  Antimony  .    .    «. 30. 

xoo  Zioc        '% 

jssr  f «• 

xoo  Tnngitenj 

xoo  Menniry 17.6 

xoo  Pladna xj. 

100  Silver ia.8 

xoo  Binmth xa. 

xoo  Gold 10. 


TAits  Of  AJEWITT- 


No.  V. 


Tables  of  Simple  Affinitt. 


ssijcF -a 

o-w* 

"zf."- 

^., 

4 

Csrbon, 

I 

ChiKoal, 

Nicw""^' 

Potaa, 

«*»*"■  I 

M«ipmdi. 

Ari^k. 

Soda, 

1 

Zinc 

iron. 

'*^r' 

tron. 

8irm"h'. 

Copper, 

rin, 

Lead. 

Tin, 

Succinic. 

Coppfr, 

Lead. 

Fluoric. 

rJlurium, 

Silnr, 

Phofphoric 

Phofphorut, 

Platida. 

Bitouth. 

M..C.C, 

Sulphur, 
Arfenic. 

IVIercurv, 

Antimony, 

Miwk.       f 

jUver, 

Mercury, 

Muriatic, 

Sf 

Sold. 

Arfeoic, 

Subsrit, 

Molybdena. 

Cijric, 

Cobalt, 
Bi(muih, 

Tactiric, 
ArCenic, 
L»etic, 

C^r*... 

Clio™? 

ftjaj*.  S^j,  m^ 

Btn^pJc.    ( 

OiTgcn. 

Silvrr, 

Hydrogtn. 

^.7;^.  Sulphunc. 

^^ 

Kiiric  oxide. 

Nitfic, 

Nhcam. 

gfe- 

eUuat. 

Phofphoric, 

Carbonic  oxide, 

A7/^oj™. 

SulphBT, 

Muriatic  acid, 

Oiilic, 

While    oiide    of 

Oiyecn, 
Sulphur  ? 

lartiric, 

W»^. 

Mmpacft. 

Arfenii, 

Fixed  OiU. 

WhJC<    oiide    of 

Phofphonu, 
Hjdrogcn. 

Lead. 

Citric, 

^«6.S»lpImric 

Phorphoric 

HyJr^,,. 

Oiilic, 

Mucic, 

Tamric, 

Titanium, 

Oiygi^n. 

Borarie, 

Fluoric, 

Minganck, 

Stiiphur, 

NltemLs 

Nitric. 

Zinc. 

Carbon, 

Carbonic, 

Muriitic, 

Ittra, 

Pndnc, 

Suecioic. 

Tin, 

Oil, 

Acetic, 

Uraoimn, 

Wal<;r, 

AibaU, 

'  Vauquelin*  Title  of  the  afliniljt  of  iKc  metal;  for  oxr^en,  s 
IS  thedifliculty  with  which  ihcir  midcsBCc  decompoTml  hy  heal.'   ' 


TA»I.K  QV   AVinciTT. 


liii 


TMe  of  Simple  Afiinityy^^ontinued. 


Water. 


eidi,  Boriaj:^""VA£iJ$,  Nitric, 
CarboDK,    |  Muriatic, 

Tartari^j 
Citric, 
MaUc  ? 
Lactic, 
Qenzoic, 
Acetic, 
Boracicj 


i^UEr.  Oxalic, 
.    Sulphiiric, 
Tastafi^, 
Succinic, 

PholphoriCs 

MiKip, 

Nitric, 

Muriatic 

Suberic, 

Arlinuc 
Lactic^ 
Citric, 
BAaticj 


Sulphurous^ 

Nitrous, 

Carbonic, 

Pruffic, 

Sulphur, 


A^ctk, 
Boracic, 


Carbonic, 

Sulphur, 

Phofphoruv 
Water, 

KiedoiL 


jff/llHfjyi 

Atuit,  Sulphuric, 
Nitric, 
Muria^ 
Oialic, 
Arfenic 
FluqriCA 
Tartaric, 
SucqniCa 
Mudc, 
Citric 


Oxide  of  Plaiima, 
GM^ 

Gallic  acid. 
Muriatic, 
iNitric, 
Su^huric, 
Artenic, 
Fluoric, 
Tartaric, 
Fhofphoric, 
Oxakc, 
Citric, 
Acetic, 
Succinic, 
Pruffic, 
Carbonic, 
AniiTifyf***- 


Acidi.  Ox^Vc, 
PhoMwric, 
Suj|Aurifi, 
nuoric, 
Arfenic, 
Mucic, 
Succinic, 


Oxide  of  Silvtr, 


Gallic  acid. 
Muriatic, 
Oxalic, 
Sulphuric, 
^.M.v,  Mucic, 

Phofjilioric,  Ph^fphoric, 
lyty,         Sulphurous, 
Benxoic,       Nitric, 
Acetic,         Arfenic, 
Bonicic,        Vluoric, 
Sulphurom,  Tartaric, 
Nitrous,       Citric, 
Carbonic,     Lactic, 
Pruffic         Succinic^ 
Acetic, 
I  Pruffic, 
Carbonic, 


SUm. 

Fluoric  add, 
Potaih. 


Ammonia. 


Oxide  of  Jl£rr- 
cyry. 

Gallic  acid. 

Muriatic, 

Oxalic, 

Succinic, 

Arfenic, 

Pholphoric, 

Sulphuric, 

Mucic, 

Tartaric,  - 

Citric, 

Malic, 

Sulphurous, 

Nitric, 

Fluoric, 

Acetic, 

Benzoic, 

Boracic, 

Pruffic, 

Carbonic. 


ippr-*»i*m«f»- *i!w 


Oxide  of  Lead. 

Gallic, 

Sulphuric, 

Mucic, 

Oxalic, 

Arfenic, 

Tartaric, 

Phofphoric, 

Muriatic, 

Sulphurous, 

Suberic, 

Nitric, 

Fluoric, 

Citric, 

Malic, 

Succinic, 

Lactic, 

Acetic, 


WHKi 


*  Omitting  the  oxalic,  citric,  fuccinic,  and  carbonic,  and  adding  fulphu- 
retted  hydrogen  after  ammonia. 


■ 

V^i^^^B 

1 

r       m 

iv                                    TABLK   Of    AFFINITY.                                       ^^H 

Tfli/c  0/  5Jm^fc  Affinity,— Comimed. 

1 

Citnt, 

Mucic, 

Citric, 

Boracic, 

Acetic, 

Succinic 

Prusiie, 

Pruffic, 

Lai^ic, 

Fluoric. 

Carbonic. 

Filed  alluliel, 

Arfenic 

Amtnonii, 

Buacic, 

Laaic. 

Pruffic 

Acetic, 

Water. 

Ammonia. 

Boradc 
Pniilic 

^ 

CiA  V"  f^fP"- 

Ammonia. 

GaUic. 
Onlic, 

OxiJ.lfIfV. 

OxLL  of  Zi*. 

Gallic, 

Sallic. 

Tartaric 

Oialk, 

Oialic, 

Murialic. 

Sulphuric 

P'-^t. 

Camphoric, 

Sulphuric, 

Muriatic 

Mucic. 

Mucic 

Baryta, 

Nitric, 

Mudc, 

Nitric, 

Stroadtch 

ArfcDic, 

Muriatic, 

Tartaric, 

PotaOi, 

Phorphoric, 

Nitric 

Phofphoric 

Soda. 

Socc^, 

Phofphoric, 

Citri. 

Lime. 

Fluoric 

Arfe^c. 

Citric, 

Huoric, 

Fluoric, 

Uitlc, 

Succinic, 

Arfenic, 

Glucinc, 

Citric, 

Laftic, 

Boracic, 

uai., 

Acetic 

Aluminc, 

PrurGe, 

Boracic, 

Zircon. 

Carbotiic, 

fioncic. 

Pruffic,     . 

Metallic  otid«. 

Fixed  aikalic). 

Prudic, 

Carbooic. 

Carbonic, 
Find  alkalies, 

Piled  oiU. 

Ammoiua. 

Sulfhrnw 

S^d-i^ 

0,,iit  tf  Ta.' 

OxiJ,  rf  Arumii. 

Gallic. 

0*;*  ./  A,dim«,j. 

Barrte,. 
Lime, 

^ 

G.me. 

Muriatic, 

Gallic, 

FotaO., 

Muria^, 

Sulphuric, 

Murinic 

Soda. 

O.alie, 

Callc. 

Benzoic, 

Sirontitei, 

Sulphuric, 

Tartaric, 

Oialic 

MagpdU. 

Niirk, 

Arftnic, 

Sulphuric 

Tanarit, 

Phofphoric. 

Nitric, 

Glucinc, 

Phorphork, 

Nitnc, 

Tartaric, 

Alumioe. 

nuoric. 

Succinic. 

Mucic, 

Zircon, 
Metallic  oiidrt. 

^H 

Succinic,                  ]  Fluoric, 

Phofphoric, 

^^M 

'  Bereman  pUcei  the  tartaric  before  the  muriatic. 

t  W»l.  ihr'nmiflion  o(  all  aflcr  ammooja. 

t  Ammonia  Ihould  come  before  jnagntsia;  Wld  firontitcs,  glucine,  Ult.^^^ 

ilfcon,  DiouU  be  oniincd.                                                                            ^^1 

TABL£   OH   AFFINITT. 


Iv 


Table  of  Simple  Affinity y — Continued. 


PboAAoru  Xy. 

Barytet, 

Strontites, 

Lime, 

Potaih, 

Soda, 

'Ammonia, 

Magndia, 

Ohictne, 

Ahimine, 

Zircon, 

Metallic  oxides, 

Sikz. 


Lime, 
Magneiia, 
Aiiimonia>    ' 
Glucioe,   - 
Alnmine, 
Zircon, 
Metallic  oziden 


Metallic  oxides, 
Glucine, 
Alumine, 
Zircon. 


PbotpUr^m 

Lime, 

Barytes, 

Strontites, 

Potaih, 

Soda, 

Ammonia, 

Glucine, 

Alumine, 

Zircon, 

Metallic  oxidet. 


Fhmie  Add, 
BoracU  ■  '  ■     \» 

ArfinU y. 

Tmugthc 

Lime, 

Barytes, 

Strontites, 

Magndia, 

Potaft, 

Soda, 

Ammonia, 

Glucine, 

Alumine, 

Zircon, 

Sikx. 


Acetic  Add. 
Laeiu 


5. 


Oxalic  Acid. 
Tartaric  — — 
CUric  5. 

Lime, 

Barytes, 

Strontitd^ 

Magneiia,  . 

Potaih, 

Soda, 

Ammonia, 

Alumine, 

Metallic  oxides. 

Water, 

Alcohol. 


Nitrie  Add, 
Mmriaiic  — i—  -f, 

Barytes, 
Potaih, 
Soda, 
Strontites, 


Barytes, 

Potaih, 

Soda, 

Sttootites, 

Lime, 

Ams^onia, 

Magneiia, 


Benzoic  Acid.  , 

White    oxide  of 

Arfenic, 
Potaih, 
Soda, 

Ammonia, 
Barytes, 
Lime, 
Magneiia, 
Alumine. 


Soda, 

Barytes, 

Ammonia, 

Alumine, 

Magneiia. 


Fixed  OiL 

Lime, 
Barytes, 
Potaih, 
Soda, 
Maeneiia, 
Oxide  of  Mercury 
Other  metallic  ox- 
ides, 
Alumine. 


AMM. 

Water, 
Ether, 
VoUtUe  Oil 
Alkaline  Sulphu- 
rets. 


Camphoric  Acid, 

Lime, 
iPotaih, 


Sulphuretted 
HydrtgeK, 

Barytes, 

Potaih, 

Soda, 

Lime, 

Ammonia, 

Magneiia,  . 

Zircon. 


*  Magnefia  fliould  ibnd  above  ammonia,  and  alumina  and  iilica  ihoold 
be  omitted, 
f  Ammonia  ihould  (buid  above  magneiia. 
i  Silex  ihould  be  omitted,  and,  inilead  of  it,  water  and  alcohol  be  inferted. 

!  Except  iilex. 
With  the  omii£on  of  ilrontites,  metallic  oxides,  glucine,  and  zircon. 
5  Zircon  alter  alumine, 


FINIS. 


INDEX. 


v.  B.  T%e  Soman  Mimeralf  refer  to  the  ArPEKDir. 


A. 

viLiJ 

\  nitric,  14S- 

1  of  tarytM,  >  tcfl,  319. 

«.«ft,  jij. 

1»4  »H.  384- 

preparaiK*  rf.  i6.i. 
punficMionof.  164. 

u  a  teft,  318. 

poHtj  of,  how  alo 

r,t„".';„.,„. 

lained,  J7'- 

inimal.  301. 

denfuic.,  iliv. 

their  generaf  quillties,  loi. 

nilro-muriaiic,  190. 

tabkiof  qumniiy  of  hir.- re 

quiied   to    faturaic    each, 

asatefl.  313. 

ilii,  iliii. 

o«lic,  263,  31  J. 

acetic.  191. 

phdlphoric,  11)3. 
phofphorous,  191. 

mode    of    afcertaining 

its  purity,  371. 

prufllc,  30J. 

ucelou).  i9I. 

rcfacic,  30J. 

ficcholaiftic,  304. 

its  purity,  371. 

sfbacit,  /*. 

amber,  171. 

.imiiiotic,  30J. 

fuccinic,  171. 

.rleiic,  J46. 

fulphuric,  iiS. 

Ltnioic,  168,  jJJ. 

asated,  3'J. 

boraric,  100. 
carbonic,  106. 

tzA. 

fulf  hurous  acid  gu,  its  prope 

gallic,  26 J. 
Taccic,  168. 

Mip. 

tartarou5,  36;. 
^-irr,   301. 

ladlic,  jas- 

AJ^ 

/.r.  8. 

malic,  165. 

Affi^ily,  chemical,  13. 

moroiylic,  168. 

double  dcfiive.  iB. 

fimpie  eleaive,  16. 

ffl'i,  proccfs  for,  171. 

table  ol,  l.i. 

■  liquiJ,    proctf*    for. 

Agri. 

.;«,«,  ufe  of  chemical  lefts 

it 

oiyRrnized.  l8i. 

A«gu 

finu  90,  note. 

pur.ficatiun  of,    171. 

A..; 

IVDBZ* 


Ivii 


Ak^boiy  287. 

its   purity    afceitiincd    by 
wcJchti  3^* 
ufed  ar«  teft,  134. 
Uble  of  fidts,  Ac.  folublc 

n^  XSBX 
table  of  fpcdfic  gravity  of, 

xliy. 
fulphurized,  117. 
AUmkU,  7* 

Algarvtb^t  powder,  243. 
Alkali^  filicated,  95. 
AUtdkiy  thdr  general  qitalitiet,  86. 
mode  of  detectitw   tbeir 

■diiltentioii»  388. 
■ode  o£  depnv2a|B  of  car- 
bonic acad,  %bi 
fnlpburett  o^  14^ 
wttfta,  3i4i 
Alkjsy  metallic,  109. 
Almm^  bow  to  afiaCTtain  ita  purity, 

379- 
its  component  partt,  139. 

AimmuUf  96. 

fulphate  o^  139,  379. 
Amta^awUi  %X^» 

cuciou   ptupctty   of  two, 

Amitr,  add  of»  modle  of  afcertainiag 

tti  pui'iiy,  27^* 
Amer,  l8l. 

^■MMwAii  poie,  how  to  procure  in 
gM,  87. 
how  to  pfocurc  li^piid, 

176. 
ilB  vopertiei,  87. 
mode  of  afecrtailiiiig   its 

deoompofed   by    ozyyen- 
ized  muriatic  add,  x88. 
Aiwijifis  of  gafes,  3^6. 

mineiak,  331. 
waters,  307. 
.rffuMM/ fnbftances,  394. 
AftUmony,  I41. 

analyiis  of  ores  o^  357. 
Arior  Dions,  ftl6. 
ArgilL    SecAimmim. 
ArftmCf  244. 

add  of,  346. 
analyiis  of  ofts  of,  357. 
method  of  diicovering,  363. 
Arfaiistt  oi  potA^  146. 
Arts,  u£b  of^dicmical  re-agents  in, 

388. 
AtmoJ^bere,  its  cooftttution,  6f. 


Atwu^ktn^  ahvays  flwitaint  water, 

83.. 
Axiae,  its  combmatums  with  oxygen, 
148. 
gafcoos  oxide  o^  157. 


Bammft  hydrometer,  table  explainr 

ing  its  degreei,  xxiiL 
BariUa^  mode  of  detecting  its  adul- 
teration, 388. 
Barytfi,  OO* 

Its  folntioBs  nfed  as  tefis, 
3x6. 
JSi/mab,  24a 

analyiis  of  oret  of,  357. 
Bitter  prindple,  i8:u 
B/ood  abforbs  oxygen,  64. 
BUw^e,  la. 

with  mxjgcfi  and  hydro- 
gen, 74. 
BtUing  point,  41. 

diffiart  in  difoent  li- 
quors, 30. 
^o/t)f  ii/dM  pbo^)honis,  I3<x 
Bones  comiil  m  flTOt  part  of  phol^ 

Jhateof  iiflMy  193. 
foda,  10a 

mode    of .  aicertaan- 
ing  its  purity,  38a 
Bra*U  moodf  infiiiion  of,  3x1. 

C. 

Calomel,  ai8. 

how  to  afffrmio  its  purity, 
381. 
CaUrky  its   properttet  and   c&cts, 
8a 
abiorptton  of^  3a 
conductors  o4  It. 
chemically  consoined  in  ga- 


i«,i8. 


Oo 


expaniion  by,  80. 
radiation,  38. 
reflection,  ik 
refraction,  29. 
ipecific,  45. 

uble  of,  xxxiv. 
the  caufis  of  fluidity,  ^s- 
vapour,  39. 
Camfibor,  27a 
Cantom*s  phofporot,  14a* 
Caeutcbouc,  274* 
Carbmy  I02. 

its  combinatioB  with  oxy- 
gen, 104. 


,    coniliincd    Willi   hydrogfn. 


,    preparation  Ditatniliig  miiture*,  tj,   187.  RM 
of,  177,  116,  M7,  »7o, 

birftu,  1 16.  DiJHUaHtn,  7. 
barjtes,  how  prepared, 


hmc,  I'tS. 
nugncfia,  iio. 
nugncli),  how  prepar- 


^Ti 


14,  374. 
118. 


I,  how  obiained,  lOJ. 
iu  propeitiet,  io6. 
iti    cflccu    ou    *ege- 

tablet,  109. 
genenuol  in  rcfpin- 


ilj- 


CdiinuV  predjutite,  iir. 
Caudm,  X79. 

c«V,,  384- 
fio/i,  119. 

CiamdioM  miocnd,  150. 
C£ar<»./,   10). 


definition  o^  tf. 

method  of  iialfziag,  337. 

table  of  fuhftances  thai  mi} 

of  fcpanting  them,  jji. 
ELifiii:  gum,  i;4. 
£f>B  fait,  ijg. 
£/yn>  fait,  mode  of  aCcertsiiiilig  iti 

putiiy,  379- 
£iln,  fnlphuric,  1S8. 

mode  of  afccftiiiuiig 
ly,  3f6. 


Eilaofs  mineral,  tjy. 
EuJitrnHn;  DaTy'i,  ISJ- 

OuytoD'i,  6' 
Hopc'i,  68.' 
Volu'i.  71. 
hj  fulphnro 
67. 


Cbrn 


'  *J^.  . 


',  bditJDU),  119. 

Call,  gai  from,  114. 

method  of  uialrziof;,  Jii- 
C^li,  147. 

uialrlU  of  oTH  of ,  357, 
CM,  inlcnle,  genemed  by  mtiriate 
of  liiw,  37- 
prodoccd  by  1 


C«inlalm 


Ijfi. 


r,  %7S- 


Cw/iv;,  vaiiible  n 
Caffir,  *l(. 


ngai,  61. 


=  of,  »9. 


analyCt  of  ore«  of,  315. 
method  of  ifcovcring,  366. 
irrefMi  fublinule,  liS. 

fubUmate,    how   to  alcer' 

tain  its  purity,  3S0. 
rublimuc,  Duilud  of  de- 
tediog,  36^. 


5;. 


£vaptraliiig  vellett,  6. 

£yaftr€iim    occa&oDcd    bf  olorir, 

of  miaenl  witeri,  316. 
Sx/aKjm,  by  heat,  to. 

by  hat,  tahln  of,  xsii. 
ExtraB,  vegetable,  ^9. 


-  3'4- 
fiuiiBif  octalioned  br  okfic, 
JPIutrU  add.  lot. 
Flux,  black,  144,  360. 
Fhxci,  life  of,  7/39. 

differem  kinda  o(,  )6o> 
Fraxitif  miiiurcs.  tablet  <rf,  xl 
fridt,  method  of  -        -   ' 


J 


416. 


Ftlmintliiii 


5id.. 


WDEX. 


lix 


fulmmaiuigj  mefCiiry,  AI7« 

powder,  163. 
FmmMg  K^oor  of  Libanos,  137. 

a. 

GaUte  add,  96$- 
GmlUy  tinftureof,  31S. 
GalvoMu  pile,  81. 

G^/,  apparatus,  reqnifite  for  dpe- 
rimcnts  00,  57. 
experimenti,  iUufirataig  their 

natinc,  58* 
their   ibrtnatioa    aKeded   by 
adnofeheric  areflure,  59. 
table  of  tlieir   aolblate   and 
fpedficweigfati,  xix. 
G«-holder,  54. 

asotic,  or  nitrogai,  64^ 
carbonic  add,  X05. 
hydro-carbuKt,  XI3. 
hydrogen,  69. 
nttroiu,  15 '• 
Mtfout  oxide,  157. 
okiiant,  194. 
oxygen,  59. 

photphnretted  hTdrogen,  196. 
ful^uretted  hydrogen,  143. 
fiUphurous  add.  131. 
Gaxoauier,  53. 

mercurial,  55. 
GtlaiiM*,  194. 
Gla/t^  how  made,  05. 

mode  of  etching  on,  00%. 
tinged  bbe  by  anffire,  248. 
GUaAers  Uit.    See   tfidb,   folphatc 

6L 
GimiMef  99. 
G/m,  394. 
G/«<M,  animal,  497. 

vegetable,  ^73. 
Gold,  1x0. 

analyfis  of  oreto^  354. 
fahninariiy,  iia 
Graifu,  table  ot  French  and  £ng- 

Uih,  XV, 
OravUy,  fpec^c    See  Speeifie  gra- 
vity. 
Grmifi,  method   of  removing  fpots 

of,  416. 
Greem,  &cheek't»  344* 
Gmm,  a6a 

ekiftic,  474. 
Gum^re/uu,  17X. 
Gvnftwder^  pecuBar  kind  of ,  187. 

R 

HabtumMH*t  wjne  teft,  368. 


HarrtfngnUvmsT,  X44. 
Harijbvmy  fpirit  aJF,  mode  of  afcer- 

taining  ks  piurity,  376. 
HeeU*     See  Caloric, 
Homherg**    fedative  UXt,    See   ^0- 
rtffif  add 

pyrophorus,  139. 

Hydro-Carburet,  113. 
Hydrogen  gas,  how  procured,  69. 
its  properties,  i^« 
arfenicated,  146. 
folphuretccd,  143. 
phofphnretted,  196. 
Its  bale  a  conftituent 
past  of  water,  75. 
/r|p^n^r«//A/ fulpnuicts,  146. 
Hydro'^pbmrets,  141. 

of  ammonia,  as  a 
teft,  3*4. 
HydromeUr,  Baum6'i,  xxiii. 
Hyper^xymwriaUt^  185. 


Ice,  quantity  of  caloric  abforbed  by, 

during  liauefitdioo,  35. 
Inches,  cubic,  table   of  French  and 
Englifli,  xvL  .  . 

cubic,   ounce   meafuits    re- 
duced to,  xviiL 
ImEgo,  976. 
Ink,  23a. 

fympachetic,  431,    134,    237, 

241,  u8, 
one  not  liable  to  decay,  133. 
fiains,   method    of  removing, 

415. 
InfiawimaUt    fbffils,    definition     of, 

335. 
method    of    analyzing, 

35»- 
Iridhtm,  223. 
/rMi,  228. 

analyfis  of  ores  of,  355. 

bums  in  oxy|g[enous  gas,  6i. 

fulphuret  6^  233. 

ibuns,  method   of  removing, 

415- 
/rM-moulds,  ih. 

Ifi^Jit  »95- 


^eUy,  animal,  294- 
vegetablc,  262. 

K. 
Kuli,  prepared,  mode  of  afccrtaic- 
ing  Hs  purity,  374. 


^K9^^^Hi 

\X                                                    IWJEX. 

^ 

JU,,  pure,  WMCT  of.  iMxl*  of  de- 

Wm. 

7.  nidc  of,  rod  kr  btric  Mil;;-V 

ii,                                           ^ 

Ktma  nuneral,  14»- 

3«.V 
oiidc  of,  whtli.  38X. 

L. 

Luiciaury,  chomc*!,  J. 

Olidc  of   TCllw.    jSl. 

redociblc'to  .  fi^J  fi«^H 

ijfc,,  hDwprejBTcJ,  177- 

L^f..  6. 

Lmd,  1J7. 

-MrUj< 

>03.                                  ^H 

anulgimol,  it*  lunous  prupcr- 

iiiTangciiKDi  of,  107.         ^^m 

aoJrfi*  o*  "«  ■>!.  3J6- 

method   of  ^King  ore* 

ciHk.  of.  »38. 

■<f.  «J. 

method  of  dircovcring,  367. 

tiUtof  ibeltqnlitis,  ilv. 

recncdr  AOioft  >bc  poifoa  of. 

369- 

ufed  >•  uOm  31& 

Litavim.  fumiiic  liquor  of,  137. 
i/f  cmiocutljr  fuppotted  by  oijp:D- 

Jlfi«r 

t  »a<ci^  dirc^oM  [Of  wa- 

IXiiogbyreHigtnU, 

oiugas.  64- 

307- 

I.ighi,  a  chcmlcol  accnt,  47. 

lyiuig     liy    crapntaioo. 

316. 

analyfi*  of  ib  vui«i«.  J91. 

witeti.   tiUe  of  fsbftuico 

thM  nuy  b«  cq>c«Ml  m. 

mlcr.  ».       *"     ' 

and  maai   of   dKciduig 

mtcraiatcft,  3'J- 

ttK».JI»+ 

Z<f..».  infuGon  of,  jiio. 

7«..rc»iak.  ilj.  »*J. 

3i*- 

t.;«.  10. 

JW,«. 

rt,  freciing.  »ra4 

WUUi'i,  ii. 

Af<^>W 

«>.  15'-                                          ^^H 
an^lyfi)  of  io  gm,  Jif^H 

M. 

Af->, 

^^^H 

flf-ff.S«.,  94. 

M.iHag/,  *60l                                     ^^H 

node   of   ttlCfitaiining    tt> 

■nm.d.  196.                        ^H 

JS:r 

.A&r»l 

of  alotniot,  17*. 

amnitiDia.  i;j. 

Mulu  acid,  i6j. 

btrfta.  3ittA  3*9- 

JlfMj«/f.  149- 

topper,  117. 

iron.  tt*.                          ,^^ 

analylii  of  or»of,  3j8. 

t<^  *.;8.                         ^M 

mode  afdeteiaiDg  ill  adul- 

We.                                 ^H 

teraMn..  390. 

<">giK£.,lf&                      ^H 

Mtrh  antlvfit  of,  jga. 

nKuraty.  tO.                  ^H 

Mltr^i.   17. 

pntfllh.   IT4>                           ^^ 

Eflglifh  and  foreign,  i. 

ed.  .gj, 

nrw    French,    reduced    to 

fodi,  i;«. 

Englilh,  i™. 

Mertirj^   2l6> 

iRj. 

m.ip™ot.,„. 

foda,  weight  of  fnopi- 

«<e  from.  br^tSo 

liow  (o  detco  in  om.  J16. 

of  (Uwr.  jo».  JI7. 

how    to    ^cectaia  iti  puri- 

Jlf.//<c 

onverted  inlo  ■  febfUnoe  iB^ 

5j.  38.- 

rcmfalingfpmQMeti,  SM.       ^^ 

oiidc   of.     bbck  fulphurct- 

l«l.  i8j. 

^H 

oxiilr  of,  red,  381. 

^ 

priiKlpk.  iSj.                   ^H 

mDOUt. 


fen 


JVWrw,  fHf$xti^    S9t  Mat  cariM- 

NkM,  434. 

bavytei.  i64»  319. 

iroD,  aao. 
lead,  »$& 

aaafeeft,  318. 
lime,  167. 
ioercurf».  3X7. 

.    ua-tifti  318. 
Dotaih,  z6i,  |7X. 

atauft,  317. 
foda»  1^5. 
Ironies  t  17a 
NUrsgtm  gaMy  how  procured,  64. 

its  properties,  65. 
NUr^-Mmriatu  acid,  19a 
iVi/uMMgas,  howprooirad,  151. 

Us  properties,  15a. 
oxido,  157. 

O. 

Oil  inflamed  oa  walor,  187. 
OUi,  animal,  30X.. 
fixed,  169. 

volatile,  or  eflentiil,  $6, 
mode  of  afcertaiiUQg  their  pu- 
rity. 370,  387- 
OUfioMtgaOf  124,  181. 
Ores,  method  of  aBaIyzii||f,  353. 
method  of  analyimg  in   the 
dry  way,  36a 
OJmiumy  233.. 
Oxmlat*  of  ammoBia,  jt4i 

lifflie,    qoantity  obtained 
from  100  «f  fulpbate, 

314.. 
poufli,  314. 
Qxidts^  metallic,  206. 

hydro-fulphnretted,  209. 
iulphuretted,  'A, 
OxUztmemt  of  metals,  geieral  prin- 
ciples of,  203. 
Oxy^em,  quantity  aMbrbed  by  various 
combuitibles,  li. 
its  relation  to  netaU,  ii. 

gas,  59- 

how  procured,  U, 

how  procured  from  ni- 

tre,  161. 
got  in   making  nitrous 

acid,  165. 
its  pK^trties,  60. 


Oxfgin  gas,  the  fupport  of 

life,  64,  68. 
the  fupport  of  combnf- 

tion,  61. 
iubafe  a  cooftituentpart 

«f  water,  75. 

P. 
ip4XOT/,  white,  method  of  removing 

fpots  of,  41 6t 
Paptrs  coloured  as  tefts,  311. 
Peari^p^  mode  of  afoertaining  the 
^antity  of  aUcali  it  con- 
tains,, m,  388.  ^ 
Pbpfpbah  of  ammonia,  195. ' 
lime,  193. 
ibda,  195, 

as  a  teft    322. 
Pbtffhark  matches^  199. 
Pbojpborus,  19a 

prepantioo«(  194. 

mflanicd  under  water  by 
hyperoxygeoized  mu- 
riate of  poeafli,  187. 

ttii  chara(fters  and  proper- 
ties, 19a 

liouid,  199. 

Pboffbura  of  lime,  196. 

Phojfbyrets,  metallic,  209. 

PhQ^imretktlhjiirOfeugm,  198. 
Piatina,  212. 

analysis  of  ores  of,  354. 
Pei/oHs,  method  of  deteAhig,  36ft. 

remedies  in  cafes  of,  369. 
Poia/hf  pure,  to  prepare,  86. 

vied  as  a  teft,  314. 
mode    of    alcmaining 
the  purity  of  its  £»- 
lution,  374. 
Pmjiate,  of  iron,  229,  305. 
lime,  319. 
potaih,  229. 
pota(h,  improved  mode 
of  preparing,  229.    . 
p6taih  vied    as  a  teft, 
319. 
Pyre^borus,  Homberg*s,  139. 


Me$ 


^mdkfilver.     See  unercary. 

R. 
.Aa4«i#heat,  27. 

RaM/b-jmiu^  a  teft  of  acidf  and  alka- 
lies, 312. 
Rayt^  illuminating,  47. 


^B^HHIH 

^H 

Ixii                                                                                              ^^M 

R-iji,  healing,  li. 

«/«/,,  method  of  analyjiuK.  Jiji 

Jfr-ofMfj,  309. 

»«»a,  cafier   mode  of  decoinpofig 

««^r.„r 

fome,  347.                        • 

*<»-vtr/,   7. 

i.ihlc  of  fubftanca  that  mn 

Xtfim.  animil,  300. 

be  eipcaed  in.  and  tiMM 

v<S«*l«,  »?.. 

of  fqarating  them,  jji, 

JJ^^i^o.™  Tt^oirc  tOTK™  ^P^  64, 

Slnmlila,  gi. 

prodi^    orbomc    .cid 

SiA^ur'uti  of  mercury,  »|8,        , 

109. 

S^r.   lif. 

fl,l<,ri,,  7. 

Sfpr,  animal,  301. 

JU«/;».,  119. 

«s«aUe.  «ij.                      ' 

<aJ<,tfr  f^t,  mode  o[  aTccniining  ii) 

purity,  J78- 

anmot»a.  134- 

hwywi.  135,  319. 

S. 

copper.  i»6. 

plucinc,  140. 
Iran.  118. 

at  a  left,  316. 

Still.  dcEniuon  of,  jjj. 

leul.  138. 

lime.  1J7. 

method  of  auniaiDg  and  uii- 

mapie6a,  136,  379- 

tabjT'^'rdubihtT   in    water. 

C%'f^.„:. 

(able  of  rolubiliry  in  alcohol, 

•rbrtke!.  «j;. 

)-tlna,  140. 

line.  139. 

zircon,  140. 

S.lpbiii,,  141. 

SuIpiuT,  116. 

S<7«,  94- 

:^ib,>»,/ alkali,  9J. 

iron,  133. 

Sih^r.   ai*. 

Ume.  .4J. 

snalyGi  of  OKI  of,  3J4. 

AV/i.««^  hydrogen  n^, 43- 

fulminalinB.  116. 
how  lamiSed.  it. 
S«/,  rolution   of,  in  alcohol,   a  tell, 

oiidei,  109. 

S-lfhurih  of  loda  and  pooA,  141. 
nwtaHie.  aoA. 

3aj- 

.Wfii.n.«/.ln*ol,  la?. 

S^«,  pure,  10  prepare,  86. 

.Wj»i.r..,  acid  ga^  how  obtained. 

S«!..  MialyC.  of.  396. 

13'- 

S^Mlilj,   tlblo  of    that    of   >alu, 

acid    gu,  iu    propeitici. 

Srl-Uiu,  13. 

occafiotu  a  diingi  of  ttm- 

Symfaitai,  inki.    See  lit.              ^^^B 

.S.1,/,  portAu,  19S- 

■ 

.Sf^yU  gravuiti  of  gafes  la. 

7»,  178.                                        ^H 

foiidi,  &£.  «. 

TanlaTium,  I56.                                    ^^H 

how  taken,  334. 

TJrMr,  cream  oC;  167.                    ^H 

calarit.     Sa  Ca/«™. 

cream  of,  node  of   alcfl^^H 

SfHwuali,  301. 

tainingitfpurky.  3TS-^^| 

A'WMi,  method  of  rirao»ing,  41*- 

emetic,  how  to  afoertain  il.^^ 

A'lMH,  iatenl,  eaJotic  of.  «i. 

purity,  j8o. 

ubleotron:eDf,nn'iJi. 

vitriolaled.      Sec    J>^A, 

^'«'.  7 

ftdphate  o£ 

INDUX* 


Ixiii 


Tarirife  of  potaib,  addoloas,  967, 

387. 
of  potafli,  neutral,  378. 

of  potafli  and  Ibda,  com- 
pound, 378. 

TeTTOFJmpvtUa^  279. 

tuu  employed  in  examining  wa- 

ten,  309. 
Thermometry  !!• 

air,  f^. 

differentia],  ai. 
mercurial,  213. 
fpirit,  ib. 

correfpondcncc    be- 
tween, xxiv. 
Tm,  136. 

analyfis  of  orci  of,  355. 
Titamumy  25. 
7VA«  of  iafiety,  9. 
TuMgJUmy  o^sz- 

analyfis  of  orei  of ,  358. 
T«rlf^  mineral,  2x7,  383. 
Ttirmtrie  paper  and  unAore,  311. 


Ut 


u. 

.  »53- 
analyfiiof  orei  of,  358. 

C/tm,  299. 

V. 
Vapour  occafioned  by  caloric,  39. 
f^4^c#«A^  fubftances,  259. 
FegetakUsy  eftda  of  carbonic  acid 
on,  Z09. 
refultt   of  their  decomr 
pofitioOt  280* 


Fihkgru,  38?. 

difr"   ' 


illed   or  cryftalUied, 
ik 
Fitugar,  diftiUcd,  292. 

diftilled,  mode  of  afcer- 
tainingitfl  purity,  372. 


Fitugart  radical    or    concentrated,^ 
292. 
mode  of  alcertaining    it. 
punt  J,  312. 
FinoMs  fermenution,  286. 
Fioletsy  fynip  of,  310. 
Fitrioi,  blue.    See   Ctfif>er,  fulphate 
of. 
green.    See  //wr,  fulphate 

of. 
white.    See   Zint^  fulphate 
of. 
FoUa*x  pile,  81. 

W. 

fFater,  its  capability  of  condu&ing 
heat,  32. 
compofition  of,  75. 
decompofition  of,  78. 
iu  properties   and  effeSs, 
82. 
WaUrSf  mineral,  diredioDs  £sr  ana*' 

lyzing,  307. 
tFaxy  282. 

Wding  explained,  2I3»  note. 
fFeighttf    com^Tpnndence    between 
Engliih   and  Foreign,  z. 
new    French,   reduced    to 
Engliih,  xvii. 
fFhuy  lead,  how  deteded  in,  368. 
method  of  remoring  ibuni 
o^  416. 
fFmfy-ftre,  274. 

Y. 
Telhwt  mineral,  or  patent^  238. 
Ttiria,  zoa 


Zajfh,  248. 
Zinc,  239. 

analyfis  of  ores  of,  356. 
whiite  oxide  of,  384. 
Zircon,  97. 
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CHEMISTRY. 


"TIk  faUnwins  liH  nimrrdKadi  a  icleSian  of  a  few  demttmn'  worin 
on  chemillry.  ithich  arc  Tufficicnt  for  the  pucpi^  of  the  j:entni  mdcT. 
'Hic  calalogucuf  i  complete  cbemkaJ  library  wautd  hart  occi^iiedMo  ntd) 

room,  and  pcrhapj  would  npl  h>ie  been  of  ranch  utilily. 

1.  LavoiQcf's  Elements  of  Chcmiftr)-,  Kvo, 

2.  Works   from  tht    French,  by  Henry,  i    vol.  8vo.  scid  a 

pamphlet. 

3-  Cbaptal'a  Elements  of  ChcmLflry,  i  vols.  gvo. 
4.  NicholTon's  FirD  Principle*  of  ChemiDry,  Sto. 
J.  Chemical  DidioiiMy,  1  vols.  410. 

6.  Thomfoii'-.  Tranflation  of  Fourcroy's  Chemiftry,  J  vols.  3yo. 

7.  Gren",  Hrinciples  of  Chemiftry,  1  vols.  8va. 

8.  La  Grange's  MaDUol  of  Chcmllir)-,  1  vols.  Svo. 

9.  PcirTon's  Chemiejl  Nomenclature,  Iccond  edilion,  410. 
farkinfoo's  Chemical  Pocket-book 
■lichr>iran'<  Philofophical  Journal,  publifbcd  monthly, 
'hilfifopbical  Magazine,  pitbliflied  monthly. 

\  Syfteni  of  Chemiftry,  by  Thomas  Thomfon,  M.  D.  4  vok  8vo. 
-:iemtiiisof  Chcniiftry,  by  ].  Murray,  i  vols.  8vo. 

ij,  keni.irk,  on  ChemiciL  Nomcncbiurc.  by  R.  Chci.cvii.  Efq.  F.  R.  S. 


'.  Dr.   Hlatk\  Lcflurei  on  the  Elenunts  of  Chci 
.  Accum'j  .Syftcm  of  Chemillry,  I  vols.  Svo. 
:.  l-.jurcto)''.  Syllcm  of  Chemical  Knowledge,  1' 
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NOTES 


TO  HENRY'S  CHEMISTRY. 


NoTC  I,  Page  a6.    Intkoddction. 

THE  argument  which  the  author  hat  (b  fuccelsfully  urged  with  reipect 
to  his  0wn  country,  admiu  of  a  ftill  more  forcible  appUcatioo  to  thn» 
Chemiilrj  is  here  aimoft  a  new  purfuit,  and  hence  it  is  not  uncommon  to 
find  even  intelligent  men  manifriting  an  entire  ignorance  of  its  nature  and 
utility. 

Happily  the  increafing  tafte  for  the  fdence,  which  is  indicated  hy  our 
augmenting  fources  of  chemical  information,  gives  good  grounds  to  hope 
that  this  (pedes  of  knowledge  will  foon  be  extenfiyely  difiufed. 

Chemiftry  is  at  prefent  publicly  uughc,  in  the  Univerfity  of  FcnnfTWiR 
nia,  at  Philadelphia ;  in  the  Coll^  of  New-Jerley ;  in  Columbia  CoUe«a 
and  in  Ae  CoUege  of  Phyficians  and  Sui^ont,  in  the  city  of  New-Ton ; 
in  Yade  College,  at  New-Haven ;  in  E&rtmouth  College,  at  Hanover, 
New-Hampfliire ;  in  Harward  Univerfity,  at  Cambric^ ;  and  we  are  in- 
formed, that  provifion  is  making  for  introducing  thb  icience  into  the  Cfli> 
leges  of  Sonth-Carohna  and  Georgia ;  not  to  mention  occafional  couHcs  of 
popular  lectures  delivered  in  our  large  commercial  towns.  Poflefling,  at 
the  United  States  do,  a  very  cxtenfive  territory,  embradi^  every  variety  oC 
fur&ce  and  of  internal  ftructure,  the  greater  part  of  which  is  fcarcely  e^ 
plored,  there  can  be  no  doubt  that  important  fources  of  individual  and  ni» 
tiooal  wealth  are  yet  to  be  opened,  by  chemical  and  mineralogical  en- 
ter prize. 

We  muft  regard  it  as  not  lefs  a  national  reproach,  than  it  certainly  its 
national  lols,  that  moft  of  the  products  of  the  chemical  ans  are  imported 
into  thb  country  from  Europe.  It  would  be  eafy  to  eftabliih  thb  pofition 
by  an  cxtenfive  induction  of  particulars.  It  may  be  mentioned,  however, 
that  our  own  potaihes  are  exported  to  Europe,  and  there  m  a  great  mea^ 
fure  manufiictured  into  gUfs,  which  comes  to  us  for  the  fu]^>!y  of  our 
houies,  while  we  have  land,  (the  other  ingredient  of  glals)  in  abundance. 
It  b  true,  we  have  now  fevoal  manufiiAoriet  of  glafs  but  they  attempt 
little  beyond  the  coarfer  productions  of  the  an,  and  afford  nothing  like  aa 
adc<{nate  fupply  of  tbeie. 

Till  lately,  not  a  pound  of  fulphuric  acid  (oil  of  vitriol)  could  be  pn>> 
cured  except  from  Europe ;  moft  of  our  pigments  and  meidicines  are  do* 
rived  from  the  lame  fonrce,  and  moil  of  thofe  who  compound  and  vend, 
and  too  many  of  thofc  who  adminifter  the  latter,  are  ignorant  of  their 
chemical  properties.  At  thb  momem  not  a  veflel  of  poreelain  b  mann- 
fiictured  within  the  United  States,  and  it  b  not  eaiy  to  procure  even  a 

ppp 


Bont  bottle,  of  dumdlic  manufacture,  whic 
prcirnre  of  fluidi  and  rondcnrcd  gafu. 

Under  fuch  circumftiDces  it  is  n(y  to  fee,  that  Oie  pranice  of  chnnilhj. 
>:ien  for  pItUnrapfaical  punxircs,  maCt  be  attended  wiih  difficultia  of  do 
linall  mat^ilude;  but  (hole  very  diffieultics  prove  marc  mnelulivclf  ilian 
any  mere  rcaToDiagi  could  do,  the  aUblutc  neccffity  of  pranotinK  chaninl 

i.___.i_j__    _^j  ■. i_   — ifidently  aflimied,  that  imril  inlelEgmt  thc- 

iDd  ludaced  to  attempt  the  introduftion  aod 
ITS,  the  United  Staiet  will  acrtr  attain  to 
oaaclc  of  utional  fupcrioritj,  whith  Gnnt  Britaio  and  France  owe 
0  y^j.ccififut  culln^m  ami  dfflkMiim  if  MUnl/atmi,  than  the  one 
doe]  lo  the  prowcia  of  her  ancio,  or  the  other  lo  the  tritunpht  of  bci 

The  limits  of  a  note  will  not  allow  of  that  ample  iUaftratioD  of  thii  fub- 
]e&,  whidi  i>  due  to  the  ^eal  inlerelU  of  chb  counlry.  u  connrcted  wttb 
chemical  fcicncc  and  chemical  ins.  On  no  fubled  whatever,  it  eitcnGvc 
national  and  individual  patronage  more  Deeded  tnin  on  ihU,  iiid  no  whcie 
would  it  bring  ■  more  ample  individual  and  national  reward. 


knowledge,  and  it 
eUetlGoo  of  the  cueuic 


Note 


Page  J.    FuBK 


Ur.  Black'*  furnace  wai  admirably  adapted  to  the  purpoTe  which  Ixfl 
principUy  in  view,  which  was  tiirrxa<3  leeulaiion  of  tlie  heat;  but  it  ^ 
very  inconvenient  for  many  opcrsiioiu,  and  wholly  inapplicable  ' 
of  much  importance.  It  hu  been  recently  fa  far  modified  in  Ldiu 
defcrve  the  name  under  which  it  i>  fold,  by  Mr.  Accum,  of  the  . 

furnace,  fijr,  with  il,  every  chemical  opetatioti  (in  the  Ifnsll  way,)  may  G 
performed.  In  the  mean  time,  the  principal  purpofc  of  iti  inventor  a 
iruflrated ;  but  Qill,  if  a  Gngle  furnace  were  to  be  felccted.  h  IfainJd  nn- 
itoubtedly  be  ihii. 

It  may  be  uieful  to  ihofe  for  whom  ihefe  notei  are  inimded,  and  pnAa- 
bly  to  otbcra,  to  know  thai  fumacci  fuflicicDtly  good  for  inoft  ehemial 
opetaiion-i,  may  be  procured  in  New-Haven.  Mr.  Lyon  will  ob  the  iron 
work,  and  Mr.  Fcnlon,  oi  Fnnce  &  Bradley,  will  make  the  fire  biid  and 
line  tliem.  A  furnace  conllruded  of  thick  iheet  iron,  of  a  cylindrical  fonn, 
of  about  ten  or  twelve  inchei  diameter  in  the  clear,  with  two  hole*,  one  in 
each  lide,  for  the  convenience  of  placmg  a  tube  aecoii  the  fnniace,  trith  a 
chimney  iffuiii^  out  of  the  fide,  near  the  top,  and  fiimifhed  with  aa  inm 
pot,  let  into  the  top,  for  a  fand  heat,  h  fuch  an  one  as  odt  workmen  will 
ciecutc  with  little  diffienlty.  It  will  anfwer  all  very  imponaot  purpofci 
uf  private  experiment,  and  if  IvmiCied  with  a  fupport  node  by  two  per- 
pciujicular  iron  bars,  attached  to  feet  like  thofe  of  andireni,  conoeeted  at 
bnttom  by  a  crofs-bar.  and  adapted  to  iron  (hplei  fixed  in  the  fidei  of  the 
furnace,  fo  that  ihii  lil)  may  Uidc  up  and  down  upon  the  iron  rodi,  and  be 
fixed  at  any  particular  height  by  thumb  fcrews,  it  will  be  found  higUy  CM- 

Thcir 

:md  cvcrj 


NuTi  J.    Page  6.     EvAFoa/ 


NOTES.  Ixvii 

ciiUy  in  this  countr/t  and  it  will  therefore  be  one  object  of  thele  notes  <• 
point  out  fimple  contrivances  hj  which  thefe  difficulties  may  be  obviated, 
llie  author  has  in  feveral  parts  of  his  work  (page  70,  line  4,  &c.}  alluded 
to  iome  practices  which  wul  now  be  defcribed  more  minutely. 

The  bottom  of  a  broken  retort  or  flaik  aofwers  very  well  for  an  evapo- 
rating bafon.  The  broken  part  may  be  removed  by  fcratchine  the  glals 
with  a  file,  at  the  place  where  we  wuh  it  divided,  and  then  applying  a  red 
hot  iron  to  the  place,  till  a  crack  is  formed,  which  will  follow  the  lK»t  iron 

auite  round,  and  may  thus  be  led  any  where  at  pleafure.  Another  me- 
lod  is  to  tie  a  firing,  moiftened  with  oU  of  turpentine,  around  the  glaft, 
and  to  fet  fire  to  it,  holding;  the  glafs  fo  that  the  flame  may  pl^y  on  the 
line  where  we  wiih  the  divifion  to  take  place ;  on  applying  cold  water  the 
glals  will  feparate  unlefs  very  thin.  In  this  manner,  a  broken  bottle  may 
be  converted  into  a  plain  or  a  tubulated  air  jar,  according  as  the  top  or 
bottom  has  been  broken ;  a  retort's  neck  into  a  funnel  or  tube,  and  its  bot- 
tom into  an  evaporating  bafon.  A  ra^ed  edge  may  be  removed  from 
broken  glals,  by  nling  it  or  even  cutting  it  with  a  pair  of  (hears,  ynder  voter. 
It  is  very  material  tluit  it  be  under  water. 

Does  this  fluid,  by  its  vis  inertiz,  counterad  the  vibrations  of  the  ^^> 
Sirifii^  from  its  damcity,  and  thus  render  it  lefs  liable  to  fracture  ?  Does 
the  laa  that  water  greatlv  fedlitates  the  cutting,  filing,  or  grinding  of 
glafs,  whether  immerled  m,  or  merely  moiftened  with  that  fluid,  arifc 
from  any  chemical,  or  merely  firom  a  medianical  adlion  ? 


KoTK  4.    Page  la    Lutes. 

Finely  powdered  and  fiftedqoidL  lime,  with  the  white  of  an  egg,  fenns 
an  ciccUent  lute.  It  muft  be  applied  with  celerity,  as  it  foon  nardetis. 
This  lute  will  confine  corrofive  vapours,  and  endures  moft  degrees  of  beat 
below  rednefs  very  well  The  befl:  way  of  applying  it,  is  to  break  one  aid 
of  the  eggt  and  as  the  white  is  beginninjg  10  run  out,  let  it  fidl  opoii  the 
part  of  the  inftrument  to  which  the  lute  it  to  be  applied.  If  carefiulv  ma- 
naged, the  white  will  asercly  hang  from  the  aperture  in  the  egg,  vndiout 
fcmrating,  and  by  tHmiqg  the  inftrument,  it  may  be  applied  all  arotad. 
'J'hen«  reverfin|r  the  pofition  of  the  egg,  the  remaminff  part  of  the  white 
will  run  back  mto  the  flkeU,  and  may  be  kept  for  fiuther  ufe.  The  lime 
Duy  be  umlied  by  laying  the  inftrument  npon  it,  and  turning  it  round  and 
roiuid,  tul  it  adheres  at  every  part. 

NoTK  5.  Page  XI.    Blow-Pipe. 

The  hydroftatic  blow-pipe  of  Mr.  Robert  Hare,  junior,  in  which  the 
ftream  of  air  is  propelled  by  a  colunm  of  water,  is  much  more  convenient 
than  the  conmion  table  blow-pipe.  A  regular  blaft  is  maintained  for  a 
long  time,  while  the  operator  is  perfectly  at  liberty,  nothing  more  bcjng 
neoefiary  than  occafionally  to  give  a  few  ftrokes  with  a  lever.  See  Mr. 
Hare*s  Memoir,  Tilloch's  Magazine,  and  Annals  of  Chemiftry. 


Note  5.  Page  12,    BENniNc  Tubes. 

Glafs  tubes  may  be  bent  in  a  conunon  fire,  or  over  a  chafing-dish  of  live 
coals,  and  the  9ngle  iscven  more  correct)  and  the  tube  leis  liable  to  br«ak 


iban  vrlun  the;  arc  bcni  al  the  blow-nipc. 
mrk»  wry  good  git  Wtio  may  he  filled  up 
The  cork*  Diould  be  fofanied     "  ' 


[hit  purpore, 


iwo  or  three  tect  Innfr,  one  third  of  an  inch  in  i 
anieier,  ai  one  coo,  and  quile  jmintcil  al'ihe  other.  It  (hauU  b«  hiniithl 
with  a  handle  of  wood,  or  a  rin?  □(  inm,  to  hold  il  by.  Thit  will  b 
much  time  iRd  trouble  in  the  adjulbnent  nf  gat  bottlet.  •  ■•  •  • 
wai.  ruibcd  upon  ihc  tube,  at  the  place  where  ■(  itio  be 
<ark,  and  warmed  al  the  ouinii:nt  of  inlcnian,  iiUurcs  the  bghtoc^  of  || 
iuMture. 


CmuUiMtion  betoags  to  a  ereat  number  ol 
which  their  particles  arrange   Siemfelvn   into  regolu-  form*,  redoiaUa  j 
foiiK  of  the  known  niatheoiatical  BgDrti.     It  ii  owing  to  the  ntntjn 
honiogeneout  affinity,  or  the  attraction  of  aggregatioa.     Sidutian  by  m 
of  a  mcnJlruum^  or  fuijon  by  meamt  of  cslorie,  it  an  indiTpcnJkhlc  pfd  _^ 
iiary  to  cryftallizatioD.     In  the  former  cafe,  it  ii  ncceffary  to  drive  oD  parti 
the  folvent  by  heal ;  in  ihe  Utter,  merely  to  allow  the   fiuid  lo  coot,  P 
order   that  "TtUls  mjy   be  fottntd.     Ccruio  eircuniffantes  are,  howcia 

iitcelTiry  to  be  attended  to  in  order  to  fucteii      If  the  fulre  

pidly  expelled  by  the  aid  cf  a  high  ieni|Kraiure.  or.  if  the  fufed  body  ba 
liiddenly  eipofed  to  an  intcnfe  cMd^  either  a  Oiapclelt  inafi  will  be  lonneJ, 
or  only  confufed  and  iireguUr  crjAals.  In  general.  Hoc  erylbJi  an  ob- 
tained only  by  How  evipuriCuMi  and  by  flow  cooling.  Water  and  mod  of 
the  metalt  are  examplei  of  bodiei  that  cryAallize  by  a  mere  teduAi 
temperature;  the  blu  arc  cryliiUized  by  dimioilhing  the  quamirj' o 
folvent,  that  ii,  by  evaporation,  ur  by  conjciining  both  of  tbclc  princi 
dimlnifhing  the  fblTcnt  by  eTaporaiion  and  redncin^  the  tctnperaiurv ;  t 


the  IblTCttt  by  eiMoralion  and  rcdncm^  Ihc  tctnpcnnjTt 
Eicular  portion  of  a  fait  hat  been  fufpended  by  the  ud  Of  tl 
»a(ed  lemperaiure,  a  Cniple  reduflion  of  temperature  ii  [aSaaa,  «  ' 
evaporation.  For,  an  elevated  temperature  mcreafet  the  power  o 
(olvriiti.  Conution  (alt,  howevifr,  u  dilTulvcd  in  nearly  equal  qua 
by  cold  as  by  hot  water.  No  advantage  ii  gained,  thetvfore,  in  diff 
this  (iilt,  by  the  aid  of  heat,  nor  doeg  a  redudioa  ol  lemperaiure  c<_ 
lo  crynillize.  The  only  method  in  wlilch  tl.UB  ciD  be  cBecied.  is  ti 
ninilh  the  quantity  of  the  folvent  Hence  the  fall  boilen  cryfti  "* 
fall  over  ihe  fire,  by  boiling  away  the  water;  on  the  contrary,  i 
of  nitre,  made  with  beat,  it  fuffered  to  cool,  iu  order  that  it  may  cryfta 
In  both  theft  calit,  however,  the  fluid  which  remaiiu  may  be  oiade  li 
ford  more  cryflaii  by  farther  evaporation,  until  it  iiall  diHipitcd. 

The  preflure  of  the  air  apneari  to  favour  cryAalUiiEion ;  /ur.  whe 
falursled  fnlulion  of  the  lulphaie  of  fuda  ii  made  at  i  builing  h( 
matraii,  and  a  cork  inferted  while  it  ii  mil  boilingt  lb  uwholly  to 
the  aimorphcre,  the  folntion  will  remain  fluid  on  coaling;  but  0 
drawing  the  cork  it  will  cijiiaUuie,  efpcciaUy  if  a  cryttal  of  the  b 
have  been  dropped  in,  from  which  the  cryflalliiation  may  begin ;  1  . 
found  that  ciyflallization  it  much  facilitated  by  fapplyinr  a  nuclciUi  . 
Le  Blanc,  a  Parilian  apolhccanr,  hiu  even  (uunded  upon  it  a  metbod  <^ 
tailiuig  large  and  beautiful  cryltali. 

In  thii  eiample  of  the  fudden  cryltalliziiiim  of  the  fulphatc 
may   notice  alio  the  dcveloptmcnt   of  calorie,  which   it  in  tJiii  partimL 
cafe  fuddoD  aod  evidtot,  and  aiwaya  takct  plau  [hiring  cryfiiUiMUMbiil 


NOTES.  IxiX 

though  the  procds  is  commonly  fo  flow,  that  the  rife  of  temperature  ii 
fcarcely  perceptible. 

An  mcreafe  of  bulk  is  commonly  an  effect  of  cryftaUization,  but  -fome- 
times  the  buUL  i«  diminiflied,  as  in  the  cafe  of  mercuqr.  Subftances  whidi 
have  been  depofited  from  an  aaueous  folutioo,  always  retain,  intimately 
combined,  a  portion  of  water,  which  is  called  their  water  of  cryfialiixattM, 
The  efficacy  of  freezing  mixtures  is  owing,  in  a  confiderable  degree,  to  this 
water  of  cryftaUization,  which,  by  becoming  fluid,  abforbs  caloric.  When 
the  water  of  cryftaUization  caufes  the  fait  to  become  fluid,  with  the  aid  of 
heat,  the  fait  is  faid  to  fulFer  the  aqunut  fyfiom.  When  the  water  of  cryftaUi* 
cation  efcapes  fpontaneoufly,  in  confeouence  of  exposure  to  the  atmoH>here, 
and  of  the  attraction  of  the  air,  the  fait  is  faid  to  effUrefce^  for  the  cryitaUine 
form  is  deftroyed,  and  the  (alt  £Uls  into  powder.  When  the  (alt  attracts 
water  from  the  air,  and  becomes  more  or  le(s  fluid,  it  is  laid  to  titliqttefce. 

All  bodies  in  cryftallizing  aflume  a  determinate  form.  Thus  the  cryftal 
of  alum  is  an  o<Sahedron ;  that  of  conmion  fait  a  cube ;  of  the  beryl,  a 
hexahedral  prifm,  &c.  It  muft  not  be  underftood,  howerer,  that  fhe(e 
forms  are  invariable.  The  fame  fubftance  wiU  fometimes  aflume  one  form, 
fometimes  another,  according  to  circumftances.  But,  to  this  apparent  ca- 
price there  is  a  Umit,  for  a  given  fubftance  will  always  cryftallize  in  one  of 
a  given  number  of  forms,  which  are  appropriate  to  it.  What  b  the  ulti* 
mate  power  which  produces  thefe  remarkable  effects,  we  are  ignorant,  but 
certain  laws  by  which  it  operates  have  been  recently  developed,  and  have 
conduced  to  condufions  both  fin^tar  and  interefting.  What  had  been 
conceived  by  Rome  de  L*Ifle,  and  Bergman,  has  been  ably  demonftrated 
by  Hauy ;  and  it  is  propofed  at  this  time  to  give  the  outlines  of  his  theory 
of  cryftaUization.  It  was  intended,  alfo,  to  give  the  figures  neccffary  to 
demonftrate  his  ideas  ;  but  circumftances  having  rendered  this  inconvenient, 
reference  may  be  had  to  the  figures  in  Thomfon  and  in  Murray,  and  in 
Kees*s  Cyclopedia,  and  to  the  more  extended  accounts  there  given  of  Hauy's 
theory.  I'hofe  who  would  fee  it  in  all  its  details  and  applications,  may 
refer  to  Hauy*s  Mineralogy,  voL  L  iL ;  the  Annals  of  Chemiftry,  vol.  xvii. ; 
Philofophical  Magazine,  vol.  i.  and  Nicholfbn*s  Journal,  vol.  ix.  8va 

The  accounts  here  given,  wiU  be  fufficient  to  elucidate  the  fubjea  to  thoCe 
who  hear  the  ledures  for  which  this  woiic  is  adopted  as  a  teat  book,  and 
the  demonftrations  which  are  given  in  connexion  with  the  leisures,  from 
the  models  of  cryftals,  wiU  render  figures  Icis  neceflary. 

Hauy  has  demonftrated,  **  that  in  every  cryfaUixed  fubjiance^  'whatever  may 
he  the  Sfftrence  of  Jigure  'wbicb  may  arife  from  modifying  circiimjiancet^  there  is^ 
in  all  its  eryfials^  a  primitive  form^  the  nucleus ,  at  it  nvere,  of  the  eryfial^  in* 
variahle  in  each  fuhflance,  and  by  various  modifications^  Vfhich  he  points  out,  giv* 
isig  rife  to  the  numerous  fccondary  or  a&ually  exijling  forms**  The  lapidaries 
have  long  known  that  the  cryftals  of  the  precious  ftones  can  be  divided  or 
IpUt  only  in  certain  diredions,  and  that  tney  fplit  in  thofe  dlre^ions  with 
Imooth  £ices.  It  was  the  obfervation  of  a  fimilar  fact  which  led  to  the 
theory  of  Hauy.  He  remarked,  that  an  accidental  fracture  of  a  hexahedral 
prifm  of  carbonate  of  lime,  prefented  a  very  fmooth  furfice.  The  fracture 
had  happened  obUquely  from  one  of  the  fides  to  the  bafe,  fo  as  to  cut  off 
one  of  Its  edges.  The  furface  had  fo  much  luftre,  that  it  feemed  to  be  a 
natural  layer  or  joining,  and  this  induced  Hauy  to  attempt  to  divide  it  ftill 
farther.  This  he  was  able  to  effect  by  applying  the  blow  of  a  hammer  to  a 
knife,  fo  placed,  that  the  new  fradhnre  waspandlel  to  the  former  one.  He 
now  tried  the  next  fide  of  the  prifin  by  the  iame  means,  but  this  proved 
refradory,  and  no  divifion  could  be  cffeaed.  The  next  fide  to  this,  divided 
as  rhe  firft  had  done,  with  a  fmooth  furface,  making  the  fame  angle  with 
the  bafe.  The  next  fide  proved  relradorv,  but  the  next  to  that  manifefted 
the  butt  ftrndore  with  the  firft  and  third.    From  this  ftatement,  it  ap- 


hx  VOTES. 

nan  (hit  every  othei  Gdc.  ^.  in  thitnle,  the  fiijl,  tbc  I) 

fiflh.  -WIS  divifible  in  the  fame  minner,  (he  ^Aioa  rirmrii  ij  lie  rtloo 

Ictiieni  aiakiag  the  bme  iiif^li;  with  the  bala     Rcvetling  ibc  poGif 

the  pribn,  Hsaj  ncir  Btieni)<tC(]  tn  dividf  ii  at  the  oiher  cad,  Ifsiiiai] 

ih«  fide  which  luhid  firft  fcgMraied  with  the  kiiUe;  bu(  he  uow  Muod'S 

in  iu  iDm,  letntttiTy ;  the  neu.  howtvcr,  whirh  M   the  Dthci*  t 

relifted  ihi  knife,  now  yitldt d  to  it,  and  ihut  the  rceliiuu  were  « 

on  the  iilteniaie  facet  vnlil  there  wu  no  hcc  which  had  not  been  diviikd 

>E  one  end  m  the  other. 

The  heiahedral  prilm  had  now  hccamc  a  Iblid  with  (auTTtcn  ben.  The 
liaTei  h*d  became  irianglei-,  ihe  lidei  pcntigoiii,  and  in  place  of  the  rdgn 
at  the  bales,  wetr  fix  irapciiumi,  three  at  one  end  uid  three  ai  tlie  oihci. 
Cununuing  the  fcfliaO)  on  ali  the  Gdn,  bj  fi^ctufa  pantllel  to  the  Ihraur 
vaci,  tbebafeiwhuUydirappcaiEd.  The  fulid  wai  now  a  Ggore  of  twelit 
pcniagDnat  lidea.  The  feSiuiu  beiag  flill  cDBiiBord  in  the  fam;  miuner, 
the  Uletal  pentagoni  becimt:  triangle*,  and  the  folid  of  Iwclvt  Dda  wa« 
tuu^bounded  bjr  fix  lateral  iriingju  and  fix  pentigouk  Finally,  the  divi- 
Itnni  behig;  caminued  lu  before,  the  Lateral  irUiigtci  dilappcaml  and  lh< 
6guK  became  a  rJioniboid. 

So  fiDgular  a  refult  indneed  him  to  actcBipI  a  (iniUar  diOcAioti  wili 
niher  cryftab  of  caiiKinDtc  of  lime,  md  however  Tacioui  were  (be  fif  ~~^ 
of  the  erynali,  he  bund  them  all  reducible  to  the  rhomb,  which  he  U 
fore  conCdered  ai  the  primitive  ctyftal  of  all  the  carbonato  «f  lieie^ 

The  lame  method  being  tried  with   the  ciyftals  of  ollirr  rnbftaDei  , 
Wa>  diicDTired,  that  by  Itodiaj  the  iii>lural  joiniogi  of  the  teTpcfiive  lif^' ■ 
en,  a  primitive  form  might  be  citraf^oi  out  of  all  of  ifaeni,  whieli  waa,  la 
matt  inftanceB,  ditfercnt  frsm  the  ai3ual  form  of  the  cryilal.    Thi<  minu- 
ti*e  form  is  alwayi  the  fame  in  the  cryfUlt  of  iJie  lame  AibHance.     That, 
the  |irimiti*e  fonn  of  the  fluate  of  lime  a  an  odahednin  ;  that  aC  the  bil- 

at  of  barytn  a  prifhi  with  rhombnidi]  balei;  of  eomtidiun,  i  iImmi- 
Ibmcwhai  acme  :  of  the  beryl,  >  heiahcdtal  prilin ;  of  ihc  £Um  inm 
ore.  a  cube ;  of  felTpir,  an  oblique  Bnj;1cd  par^elopipcid,  but  not  thorn- 
boidal;  of  blende,  or  tlie  native  fulphareitcd  oxide  of  zinc,  a  dodoihe- 
jron  wiA  rhombrndal  Gdei.  It  ii  not  true,  however,  ^at  eryftali  ol  eve- 
ry kind  have  been  lubjeSud  to  thii  mechanical  iailj&t-  Many  of  ihon 
have  been,  many  others  are  nor  lufceptible  of  it,  bccanle  they  arc  too  ieb 
or  loo  brittle,  or  for  fome  other  rcafnn  iMt  iTeiSing  ifce  pnndple.  Bu, 
from  the  ftrue  evident  upon  many  of  chde  cryAals,  ittdicauag  that  tbcy 
woo  Id  divide  only  in  a  certain  direSion,  aad  from  tbc  rebnoo  fubfi&iojt 
between  their  dinercnt  lecondacy  formi.  Kauy  findi  mliiii  to  eondndc 
whil  their  primitive  Ibrmi  arc.  Hud  ii  not  been  poOiUe,  (or  ittAance;  la 
fplit  (he  dodecahedron  of  the  earbonaie  of  Ihne,  con&fUng  of  two  hoaihc- 
dral  pyraniidi,  it«  primitive  (oim  could  have  been  rcidiiy  dtffoveicd  by 
mere  ocniar  infpedlion ;  forihe  rhomboid  can  be  feen  dilUndlly  lying  in  the 
middle  of  the  oyftal.  To  evident  are  the  Utile.  This  ctyftaC  however,  B 
very  divitlble,  and  the  primitive  form  may  at  once  be  eitraiilcd  by  a  fiw 
firokea  of  the  hammer  and  knife.  Hauy  de&ia  the  primiiivc  cryilal  To  be 
"  a  fiilid  of  a  condant  form,  inferted  fyiiimctrieally  in  all  the  cryftala  of  ihr 
fame  fpeciei,  and  the  hca  of  which  observe  the  dirci^ioo  ej  the  byrn 
which  compofe  thele  cryftak." 

Only  Gi  primitive  forms  have  been  hitherto  difcovered  ;  r'la.  the  fanl- 
lelopipedoD,  including  the  cube,  the  rtiomb,  and  all  other  tbUda,  boonded 
hy  fix  face;,  parallel  two  and  two  ;  the  regular  tetiihedran  i  the  odalto- 
dron  with  trianguUr  facet;  the  fided  prilin-,  the  dodecahednui  with  thlM- 
tuidal  het3 ;  and  the  dodecahedron  with  ilbfcelcs  itianvalar  bet^ 

Thui  farthc  iheorr.  or  rather  the  developemcni  of  1»^  muft  b*  idait- 

ted  u  trtioUy  litiibnory.    But  Htuy  doe>  not  Hop  hm. 
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anahriit  sitfy  be  carried  Utii  lafther.  The  primitive  cryftal  may  be  alwiyi 
dsmed  by  icdioot  parallel  to  its  different  fiices,  and  even  in  other  direc- 
tioiMi  Were  the  difledion  to  be  condnoed,  by  dirifioni  made  on  all  the 
fides  at  0Dce»  with  the  reparation  of  layers  of  equal  thickneit,  it  is  obvioua 
thai  DO  chaage  of  form  would  be  effeded  «^  uJutHum ;  e.  g.  a  cube  wonki 
ftill  be  a  cobe,  and  fo  on.  But  a  divifion  may  be  made  parallel  to  ibme  on« 
fideor  more*  and  not  to  the  reft ;  for  inftance,  a  hexahedral  prilm  may  be 
fiippofed  to  be  divifible  through  all  the  diagonals  of  its  bafes,  cadi  one  of 
which  diagonals  is  parallel  to  two  fides  and  no  more.  In  this  way  it  would 
be  divided  into  fix  equal  triangular  jnifins,  and  the  pri&is»  joined  again 
by  their  faces,  would  compofe  the  original  fix  fidca  prifin.  Now,  dliis 
fieure  is  one  of  the  primitive  forms,  and  we  fee  thu  it  may  be  made  np  by 
odier  forms  very  diiicereDt  from  itfclf,  and  different  from  any  of  the  other 
primitive  fonns,  and  thcf:  forms  may  be  developed  by  contmuing  the  fec« 
tions  by  linea  parallel  to  one  face  or  more,  but  not  to  aU.  Moreover,  if  the 
primitive  form  be  divibble,  in  fome  other  line  not  parallel  to  either  fide,  it 
will  be  clearly  poflibie  that  we  may  find  it  compofcd  of  forms  different  from 
itiel£  Thns,  if  a  cube  were  divided  through  bofch  its  diagonals,  on  any 
one  fide,  it  would  be  reduced  to  four  triangular  priihis,  ana  thefe  prifins, 
if  milled  by  their  &ces,  would  again  compoie  the  original  cube.  If  the  di* 
viuoii  were  carried  through  all  its  diagonals  on  the  different  fide%  the  cube 
would  then  be  refolved  into  twenty-four  oblique  tetrahedra,  and  thefe  ti^- 
tiahedrm,  joined  again  by  their  faces,  would  comsofo  the  original  cube. 

It  is  not  pretended  that  the  analyfis,  bv  diffeoioo,  has  been  carried  to 
this  eitent.  It  is  certainly  conceivable,  however,  fuppofing  it  poffihle  to 
operate  on  fuch  finall  mafUes  of  matter,  that  it,  may  be  puihed  to  far,  that 
no  change  of  form  beyond  the  given  one  would  enfue,  without  refolvingthe 
fubfiaoce  into  its  original  elements.  To  thefe  laft  particles,  the  ukimatie 
term,  not  only  <tf  a6bual  but  of  fuppofable  diffedion,  the  name  of  v4tgrmmt 
pmrikUi  has  been  given  by  Hauy.  So  fiu*  as  experiment  has  ^;one«  they  are 
three,  viz.  the  tetrahedron,  the  fimpleft  of  pyramids;  the  tnanciilar  prifia, 
the  fimpleft  of  prifois;  and  the  parallelmsipedon,  the  fimpldt  of  kM^ 
whAiie  faces  are  parallel  two  and  twa  (H  thcie  three  integrant  partideii 
it  is  bcUeved  that  the  fix  primitive  forms  of  cryfUls  are  compofed.  We 
have  already  fecn  how  they  may  unite  fo  as  to  produce  forms  very  different 
from  themfeWes ;  and  if  we  confider  that  they  may  unite  in  different  vrays^ 
by  their  edges  or  fiices,  we  fliall  find  no  difficulty  in  admitting  that  they  are 
fully  competem  to  produce  the  fix  primitive  forms. 

As  it  is  often  ailced  by  thofo  to  whom  this  theory  is  new,  why  the  inte- 
grant  particles  are  not  confidered  as  the  primitive  forms,  and  why  we  fkqi 
at  thefe  lafk,  fince  they  are  all  reducible  to  the  three  integrant  particles  ?  k 
will  be  ufeful  to  remark,  that  we  have  no  evidence  that  the  integrant  par- 
ticks,  by  uniting  with  each  other  in  various  ways,  produce  any  more  than 
the  fuc  primitive  forms.  The  number  of  forms  of  ayftals  is,  however,  very 
great,  and  it  happens  only  in  a  few  inibnces,  comparatively,  that  the  adusd 
form  is  the  primitive.  The  truth  feems  to  be,  that  the  integrant  particles 
firft  unite  and  produce  the  primitive  form ;  this  is  the  firfl  ftep  in  the  pro- 
du^ion  of  a  cryftaL 

The  primitive  form  is  the  nucleus,  the  kernel,  as  it  were,  from  which  the 
cryftal  grows,  and  this  primitive  form  is  generated  by  the  union  of  the 
integrant  particles,  either  by  their  faces  or  edges.  The  additional  matter 
which  envelopes  the  nucleus,  and  forms  the  mafs  of  the  cryftal,  u  com- 
pofed of  thin  layers  or  flices,  confifUi^  of  intc^nt  partioet,  depofitcd 
npon  the  foces  of  the  nucleus,  fo  as  to  form  lammc  parallel,  in  every  ftep 
of  the  progrefs,  to  thefe  £ace&  In  the  aggregation  wnich  takes  place  upon 
the  fnrnees  of  any  given  primitive  form,  we  are  not  to  confider  the  addi- 
tiooa  as  compoied  neceflanly  of  maffea  fimilar  to  the  foltd  already  produced, 
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but  of  iDiq;rant  pariiclu  onlj.  In  a  wnrJ,  the  iiitF|;ruit  |iiitirl«t  4 
prodacf  the  primiilv*  form,  u.d  tbcD.  hcginning  upon  ihis  r 
thry  buIM  up  the  cryltal,  that  it.  ihir  uiSiial  or  Irtrnidiry  lonr 
ihcTift  varirtf  of  fcmodiry  (omu  produced  fram  fo  fmilli  cuihIkt  offl 
marf  fomu  ?  They  uile  from  ihc  nbftraftlon  oi  ooe  ar  more  row*  nf  f 
Ikin  from  ihc  Gdci  or  anglei,  in  the  fcreral  liyen  of  TDpctpofitian,  1 
giving  tile  to  the  varioui  nodei  oF  deerenient  which  HaOf  iuclDdn  rf 
ftttral  liwt. 

I.  Decrementi  »  lh<  Hgu. 
1.  Oecremenu  at  the  anglci. 
3.  Intermediate  decnmcnu. 
4-  Mixed  decmncnti. 

Tbcfirft  of  ihcTc  laws  admitaaf  caff  illnfliaiion.    Sappofe  »  euhe  ■ 
which  we  wilh  to   conflnid   a  fccondarj  form.     It  may  be  tScAcd  ii 
foUowiDg  manner.     Supporeilayeraf  integ^-aDt  particles  to  be  idJ 
one  Qde  of  the  cube,  but  tloppio);  Ihnrt  of  the  eJve  by  one  row  ol  , 
M  anmad.     IT  ii  obvioui,  that  in  thii  manner  a  kind  of  Aep  will  be  t 

cd,  and  the  new  layer  will  not  cotcc  the  ivhule  of  the  fide,  b-  ■  ' 

row  of  paniclci  uncovered,  at  the  edget     Now,  fuppofe  the  1 
!aU  Ihort  nt  ihii  by  one  row  of  integrant  particlej,  lud  eiiJi  liireeflire 
10  bedepollted  m  ibe  fame  mannci  and  with  the  fame  drettnient,  till  il 
the  layer  Ifaall  confift  of  only  a   Ongle  panicle.     In  thii  manner,  a 
Gded  pyramid  will  be  eredcd  on  one  fide  of  the  eube.     SnppoTe  the  I 
proceli  to  be  repeated  on  each  of  the  111  fidet  of  the  (ube.     It 
that,  in  thii  mannir   fix  pytamidi  will  be  prodund,  each  o 
bounded  hy  four  irianglej,  and  as  the  rale  of  decrement  wat  i 
each  Gde  of  the  cube,  the  pbnn  of  rhi-  pyramid),  on  the  CoOtigHMUJI 
will  fbrtn  one  continued  plane,  viz.  two  equal  triangle*  will  be  unito^ 
form  a  rhambuidal  face,  and  a>  there  are  twenty-fout  triaczlM,  iheti 
of  courfe,  be  twelve   rhomht      The  folid   wUI  then  be  a  dodca' 
bmindnl  by  rhomboidal  laces,  a  figure  not  at  aU  analaguui  to  die  )» 
form  with  which  we  be|^. 

If  we  were  now  10  rtverfe  the   pfocefi.  we  may  enra<9   the  p 

form  by  ehipping  ofT  with  a  knift  ihc  fucccfGse  layer*,  till  the  fa  Coc         

origiinal  cube  Ibnuld  be  again  hroDg^hi  into  view.  It  will  not  be  tuxcSfitj 
to  eo  through  a  minute  illuflration  ol  the  other  laws.  It  will  he  fuSciciit 
to  ftate  them  fomcwhat  more  fully.  The  detnment  which  hai  been  de- 
fcribed.  i>  obvioufly  parullel  to  the  fides  of  the  primitive  farm.  It  it  pbin, 
that  a  decrement,  commeDcing  with  the  omilHan  of  1  Tingle  panicle  at  i)ie 
UKIc;  then  of  three,  immediaicly  cnnliguoua,  in  the  aau  layer  above ; 
iheri  of  five  in  the  nut  above  thai,  and  lo  on,  would  be  a  decrement  ptni- 
Icl  to  a  diagonal  of  the  face  of  the  primitive  foim.  ThU,  then,  iidecre- 
metit  aecording  to  the  fecond  law,  that  it  deercmcnl  at  the  angln  and  pual- 
lel  to  the  diafconalf.  Were  it  lo  go  on  regubtly  at  all  the  ai^lca  it  the 
fame  time,  the  fccondary  form  produced,  would  be  a  ccgulai  odahcdnn, 
(Thomfon,  »d  edit,  vol  iii.  p.  aio.) 

The  third  tjw  diffen  frnm  ihii  only  in  one  circumftanee.  The  Tubtnc- 
lion  IS  fuppofed  to  be  made  by  commencing  with  a  Gngle  pvijete  at  ibt 
angle,  as  beFurc ;  but  inllead  of  going  on  in  a  line  parallel  to  ihe  diagOtaL 
the  fubtnction  becnmcs  parallel  to  a  bne  inlennediaie  betwcoi  the  diacOiBl 
and  the  fide  \  and  this  is  efiei^ed,  by  making  the  fobtraction  in  the  pKptr- 
tion  of  one  pjnicle  in  the  line  parallel  to  one  Gde  eiiclolinK  the  anpe,  toi 
of  two  particles  in  the  line  which  a  parallel  id  the  other  Gde  enclufing  thr 
.■ogle,  lo  that  the  decrciDent  it  really  an  oblique  one,  beioi;  nanllel  neither 
Co  a  fide  nor  to  a  diagonal,  but  to  an  intermediate  tine,  and  hence  iti  nunc 
of  ictennediate  decrement.  In  ihe  fourth  law  of  deeremFnt.  whctha  it 
be  parallel  to  the  edp:t  or  iDglet,  the  abftradUon  i*  not  bjr  taw  nw  af  pf> 
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tkles  in  breadth,  or  by  one  row  in  height,  but  by  two  or  more  rows  in 
each  of  thefe  caibs.  Hauy  denotes  this  decrement  by  a  fradional  eipeiEon, 
where  the  numerator  denotes  the  number  of  rows  of  jparticles  which  con- 
ftitute  the  decrement,  and  the  denominator  the  thicknels  of  the  lamina. 

All  the  farieties  of  cr^als  may  be  explained  by  the  application  of  thefe 
ibor  laws,  and  the  various  modifications  of  wmch  they  are  fufceptibk. 
Theic  modifications  are  reducible  to  feven  heads. 

1.  Somttimcs  the  decrements  take  place  on  aU  the  edges,  or  on  all  the 
an^es,  at  once. 

ft.  Sometimes  on  certain  edges,  or  on  certain  Wangles  only. 

3*  Sometimes  they  are  uniform  by  one,  two,  or  more  rows. 

4.  Sometimes  the  law  varies  from  one  edge  to  another,  or  from  ope  angk 
to  another. 

5.  Sometimes  decrements  on  the  edges  and  angles  take  place  at  the  fame 
time. 

6.  Sometimes  the  lame  edge,  or  the  iame  angle,  undergoes  feveral  fiicce€* 
five  laws  of  decrement. 

7.  There  are  cafes  where  the  fecondarv  cryftal  has  fiices  paislld  to  thofe 
of  the  primitive  form,  and  which  give  rife  to  new  modifications^  from  their 
combinations  with  the  faces  refnlting  from  the  decrements. 

An  immenie  number  of  forms  otcryftals  may  ezift  with  Inch  a  diverfity 
of  laws,  and  the  poffible  fonns  hr  exceed  the  aduaL  The  carbonate  of 
lime,  for  inftance,  confining  the  calculation  to  two  of  the  fimpleft  laws.  It 
fiiiceptible  of  0044  different  forms,  the  fubtractions  beine  by  one  or  two 
ranges ;  if  three  and  iiour  ranges  be  admitted,  the  poffible  forms  will  amooat 
to  8,388,604,  whereas  the  forms  really  known  are  only  about  40.  Such  are 
the  outlines  of  the  cheory  of  Hauy.  As  it  has  not  been  demonftrated,  and 
pcriiaps,  from  the  naruri*  nf  tKc  cafi-  cansBot  be,  that  cryftals  are  adtually 
fionned  in  this  manner,  we  mud  regard  it  as  a  mathematical  hypothefis,  de- 
pending for  proof  upon  the  ample  manner  in  which  it  explains  the  pheno- 
mena, and  Uie  exact  correfoondence  of  calculation  with  faA,  the  theory 
having  been  applied  fuccefsmlly  by  its  author  in  predi&ing  the  chemic*! 
confiitution  of  fubftances  from  the  form  of  their  cryibds,  tmit  antkipating 
the  accurate  refnlts  of  analyfis. 


Note  7.  Fage  15.    Nitiati  ot  Coppee. 

For  the  preparation  of  nitrate  of  copper,  the  common  copper  coin  of 
this  country  (tne  cents)  will  anfwer  peiiedly  well ;  and  if  they  be  battered 
into  a  roll  by  holding  them  upon  an  anvil  with  pincers,  and  uriking  them 
on  the  fide  vnth  a  hammer,  they  maybe  introduced  imo  a  ga^bottic,  and  a 
double  produd  of  nitrous  gas  and  of  nitrate  of  copper  may  thus  be  ob- 
tained. 


Note  8.  Page  14.    Elastic  Gum-Bottle. 

The  valve  mentioned  in  the  text,  althoug^i  convenient,  is  not  indifomfable, 
for  the  air  of  courfe  returns  into  the  bottle  as  foon  as  the  ball  is  blown  and 
the  tube  withdrawn. 

In  ufin^  this  inibiiment,  it  is  well  to  fix  the  tube  into  a  perforated  co4» 
and  this  mto  the  mouth  of  the  ehftic  bottle,  ffltking  it  fecnre  by  a  firing 
tied  tight  around. 

Qqq 


»i       111  r     1 


■bra  i&  hfi  jf.    Baiusv  hor  d  Vac 


Ikru^  topnuck  thf«A  ibflB^  a  ctrk.  Mil  hwlf  |iii  iw    iha  BMik 
of  ■&  fliCk,  will  icTinr  the  piirpa&.     lntrojacc  s  wk  «Ma  a  w3  iD 

iboui  onF  ihird  or  one  hilf  of  tbc  flaft.     PImx  it  oa  Inc  oak  ia  i  rinfag 


npidlT,(fauI  the  o.  .      .        ^ 

wiJJ  be  chttirA,  inij  in  thcprogrtSi  at  a  few  ^■■■'"■■'■i  k  vill  Dorij  cr 
ifiiiu  talk.  Reman  the  tcflel  frm  the  fire,  lod  open  tb*  mck  ;  the  ac- 
wmulitcd  vmpoar,  which  rcpnied  the  eballkioD,  wU  then  lafc  oM  wkh 
frou  *iole>u(,  and  the  Bo^  will  boil  *efT  npiill;-  Ttw  tiyiiiumt  m- 
«ui<*  aatiao,  left,  from  «vH.»«in#  the  ^al  too  loog,  die  lafc  ftovid 
Mrft;  aDdit  will,  therefon:.  be  wdltopraw  ihc  Broipbof  thcAaft  bf 
desnci;  but  the  bcfiaiiei  mall  not  itnout  toobr. 

Agam,  while  (be  vUer  ii  boiliaf  freely  is  the  Balk  no  the  iic,  bat  the 
— '  re  tbc  *ellel  into  a  sbI  place.     Abboogh  at  a  A^DCC  Irom 


the&rc,  the  bailing  will  contiiiiie  for^Iome  tiote ;  it  may  be  foe  i  qnaner 
half  of  an  boor.  Doiin^  thtt  period,  if  the  flalk  be  ifuaerbd  io  csU  w 
Ux,  a  ramd  ebollitieo  wdl  be  prodncBd  ;  if  in  hoc,  it  will  be  rqiecSed 


.     .      ..JliwitboiK  aoy  reCQaDce  from  the  aanafpberc 
Tbia  toftnmuin,  or  we  anflmaed  on  thia  priiM^le,  with  Imk  «atia- 
lioaof  form,  ii  dUed  the  intttt  iamtttr. 


n 


KOTES.  IXXV 


JNoTi  IS.  Page  4a    VAPOi^ATioif  or  Ethik. 

The  enoriment  ii  not  ftriking  unlcft  the  water  be  hotter  than  104^,  in 
wluch  cale  it  becomes  unplcalant  to  immerfe  the  hands  in  it. 

Peihapt  the  CoUowing  method  is  better.  Introduce  fome  ether  into  a 
finill  Tiu ;  tie  the  neck  of  a  bhdder  hR,  around  the  neck  of  the  vial,  and 
introdnce  the  latter  into  water  at  the  tcmjperaCiire  of  150^  or  200P,  With- 
in a  few  feconds  the  bladder  will  be  fully  diftended  by  the  vapour  of  d^ 
ether,  u  nrach  as  it  would  be  by  a  vieorous  inflation  from  the  longs,  and 
fome  of  the  ether  will  dilappear  from  die  viaL  On  withdrawing  this  from 
the  water,  the  bladder  foon  becomes  flaccid,  and  very  rapidly  if  daflied 
with  cold  water.  Water  ma)r  be  vaporifed  in  the  fame  manner,  only  Aib- 
ftituting  a  (mall  flalk  for  the  vial,  and  immeriing  it  in  hot  mercury  inftead 
of  hot  water. 


Note  13.  Page  51.    laoN  Bottles. 

The  ca(t.irafi  bottles  are  lial^  to  melt,  if  the  heat  be  permitted  to  rife 
inadvertently  beyond  a  certain  point,  as  the  writer  has,  more  than  once, 
eiferknced.  A  wrought-iron  bottle  is  not  liable  to  this  inconvenience,  and 
is  indeed  an  inftrumcnt  of  very  extenfive  utility.  An  iron  tube,  fomewhat 
frider  than  a  gun-barrel,  and  aoont  eighteen  inches  Ions',  fiioold  be  welded 
to  its  month,  and  to  this  other  tubes  may  be  adjoilea,  as  convenience  re- 
^vires* 

F.«cllcm  bottles  of  thU  ^filcripdon  nmy  />^^iy  be  procured  of  Mr. 
WhUmty^  at  his  manu&docy  of  arms  in  the  vicinity  of  NrwHmvau  He 
hna  noflide  one  fiar  the  writer,  and  it  is  prefumed,  nay  be  induced  to  manu- 
&dhire  odiers,  not  as  a  matttr  of  profit,  but  for  the  promotion  of  fiaence'; 
isr  his  attachment  to  which,  he  is  not  leis  diilinguimed,  than  for  the  Ikil- 
fiil  and  foccdUnl  application  of  the  prindplea  of  mechanical  philofophy,  to 
the  inyovcment  ot  aru  depending  upon  it. 


NOTB  14.  Page  $$.     GAZOMBTBt  AND  Aia-HoLOBas. 

Aa  inftiiiment  has  been  for  feveral  years  nled  in  the  laboratory  of  Tale 
CoU^ge*  for  experiments  in  the  large  way,  on  the  gafes  which  water  does 
not  rapidly  abforb,  which  has  been  feond  to  be  more  convenient  and  com- 
plete tnan  any  other  arrangement  of  apparatus  for  fimilar  purpoles.  The 
coly  inftmmcBt  of  the  kind  which  has  ever  been  conftruded,  was  mami- 
fiKtnred  ia  New^Haven.  Being  calculated  for  an  extenfive  courfe  of  public 
ledhira,  delivered  in  a  laboratory  where  there  is  plenty  of  room,  its  d»- 
mfrfifftH  are  larger  than  might  be  worth  while  in  eftabliflimentB  on  a  finallcr 
Icale.  Its  form  is  that  of  a  paiallefopipedon,  ^\  feet  lon^,  3  feet  wide,  and 
%  foet  %  iadiea  deep,  withoot  allowing  for  the  two  inch  pme  plank  of  which 
dus  part  of  die  inftmment  is  cooftmded.  The  feveral  planks  and  parts 
are  funnf^fl^  by  grooves  and  tongues,  and  bound  together  by  iron  rods, 
peffing  laterally  through  them,  aiul  temunating  in  (ctcws  foniiflied  with 
jmta.  The  interior  part  is  fumiflicd  with  two  flielves,  each  two  feet 
fix  inches  long,  for  foftaining  air-^  and  beU-gbfles;  the  middle  fpace 
between  thefe  is  one  foot  eight  mches  wide,  and  fo^n^  a  wrll  for  im- 
m^riinff  the  beU-ckfles;  acn3s  this  well  is  placed  a  Aiding  flielf,  with 
three  inverted  fliaSow  tin  funncb  beneath  it,  correfponding  with  as  many 


holo  (or  renivuigaad  [riDiletring  ^rci.  Thuibr,  it  t)  obmnu tbt  (It 
inftnmcnt  n  oolj  ■  very  ciicnSve  pncumuic  dlleni,  uid  ha*  no  (DpcTie» 
tf  over  thalc  comRionly  in  ufc,  ciccpl  (rom  iu  aRerdine  unpit  Ijacc  far  t 
mty  iiopiuUDt  uul  iotmlUug  claTtof  eiperiineim,  whiib  an  modt  Barf 
biBrclllve  ami  connndng  lo  a  Wec  ludicncc,  when  peHcitincd  ta  ■  law 
lole.  There  irc.  however,  ■  DutDbcr  of  addhkoil  conttrruicct.  BoMt 
Mcli  of  the  (helm  we  two  ioTened  rtSmgiilar  hcaet,  imde  vf  thin  n 

Slink,  doBMiiled  tognhtr  at  the  anetn,  miirtlyqwn  below,  uul  M" 
lihe  inferior  fide  of  the  (hetm  by  (ungues,  groovei,  and  vooiM 
Tbdc  twin  an  twelve  inchex  deep,  of  tbe  opicitT  of  aboal  ll  i, 
Cuh,  and  occupy  ihc   whole  fpace  hrncatb  the  ffadvtj  cinpt  7  j  ii 

r%  at    each   end   of  ihe  ciftem,  and  tiioe  indira  beiwcio  the   i 

the  boiei  and  the  batlom  of  the  dftm.     Thu  latter  f 
pre  room  for  the  a<9ion  of  three  pair  of  by droftaiic 

t&ade  of  leather,  nailed  to  the  bottom  of  the   dnem.  d  . ,       _^^^ 

iron  riogi.  and  ottucbed  by  luutitD  a  thick  urcotar  plank  whidilemtMA  ] 
top,  and  which  i<  mo*cd  up  and  down  by  an  inra  rod  conneflcd  with  la 
iron  lever,  which  rdb  ma  forked  iron  fuppon,  attached  to  the  uppet  cdic 
of  Ihe  end  of  the  citlem.  The  bellowa  are  fo  placed,  that  nearly  unt  halt 
project  beneaUi  the  boiei,  which  we  may  call  refcrroirs  j  the  other  pan  ia 
bcneith  the  omn  fpace  which  lie*  between  the  end  of  the  refer  nan  nut  the 
end  of  the  dlkern,  and  the  rod  of  the  i>ellowi  prrfbratn  the  fhelf  ifflme- 
diately  at  the  lermiiiatian  (d  the  boi  and  etmtigiHiiu  ;«  it.  but  doc*  mi 
pab  thrnugh  the  bot,  which  Riuft  be  lir-tighi.  At  the  edge  of  that  ftn 
nf  the  bellow*  which  projeiSi  beneath  the  refiaToir,  is  a  talvc  openini 
ward !  in  the  cmtre  of  the  bcllowj  and  on  the  botitim  of  the  ciltoD.  1 
ii  alfo  the  botinni  of  the  bellows,  u  anoiher  lalre  opening  opwatdt^M 
veting  an  sriflee  wlwh  n  onninSUJ  '•ntt-^  dwD.  boding  oat,  kuai-* 
through  the  pbidc,  edgi^cwife,  to  the  atmorphcrr*  Ima  this  dad  ■■  islci 
a  eoppei  tube,  conlillin|;  of  two  parts,  one  of  whidi  lorBli  merely 
tioD  of  the  dudt.  being  driven  into  it  fo  that  it  ftmri  a  perfeAIr  A  ' 
t;e^on  j  the  other  patl  b  foldered  to  this  at  right  anglei,  atid  M 
(iole  conaa  with   the  outlidc  of  ihe  dflcra,  tUl  it  rifes  -        '     * 

(hao  ill  upper  edge,  and  there  it  opeot  in  an  orifice  f 

Eath  of  the  fonrTcferrDirs  may  be  conGdered  as  furniOicd  with  the  •(._. 
ralui  of  bellowi,  dufi,  iiliet,  and  tube ;  althnugh  in  the  inOmnuBt  IB 
which  this  defciiptioD  refers,  there  are  In  bfl  but  three  bellmsi,  &c  ok 
refemur  being  deftiiute  of  them.  It  remains  to  be  rrmatked,  that  mh 
lefcrvoir  is  fumilhed  with  a  flop-cock,  which  lies  horiaontiJIy  Dpoo  the 
fhdf  and  pattty  imbedded  In  it,  and  paflea  into  the  nfenoie  by  a  flicin  n' 
of  copper,  foldered  at  tight  angles  with  the  cock.  'I"hc  cocks  of  ik  O. 
contiguous  tefenmirs  are  placed  parallel  to  each  other  and  to  theCdanf  ■ 
dftcm,  and  immediately  contiguous  (o  the  mtition  whieti  liqanun 
rcIcTToirs,  and  they  are  ronneded  by  a  third  ftop-cAck  foUered  ten  " 
tbem,  opening  into  both  by  proper  orifices,  and  thus  rcr^lnp,  when 
Gan  requires,  to  coaiia9  the  refervoira,  and  in  fad,  toCoaiTen 
'  t  of  the  two 


which  arc  contlguoiis  at  once  to  that  fide  of  Ihe  ciftem  whiell  may  Ml 
nrded  as  its  back  pait,  and  to  the  well,  a  hole  Is  boted  into  the  nfan 
for  the  inTcciion  of  a  impprr  tube  for  a  hlriw-pipe.    1  hefe  lobei  crc  fb  hi 
ed,  that  while  une  part  li  orelTrd  firnily  into  the  hnle  h  aat« 
another  put.  at  ri^  angles  wiill  the  fitU,  and  bending  in  a 

tiir»B,  irnninstes  m  a  trumpet-like  or<6ce.  ntapleil  to  the  a _ 

cork.     Immediately  beneath  theft  two  orifices  ia  a  table,  attached  1^  Itt^ 

10  the  fide  of  the  tiflem.  to  fuftain  a  lamp  for  ihe  blow^pipci  whcMdM  ta' 

'■'''  it  hangi  by  the  jide  of  ihc  ciftcrn,  aul  it  railed  ocetGofialiy  as  it  b 


NOTES*  bonni 

To  Ml  iocdligefit  diemift,  it  will  be  oMout  from  an  attentive  peni&l  of 
the  deftiiytion,  tlmt  thia  inftranent  will  ifford  all  the  IbUowin^  advan- 


I.  It  it  an  eitenfive  poeunatic  ciftero,  with  every  commoo  convenience, 
on  alarge  (bale. 

4.  By  the  bellowi  and  their  appcndaees,  common  air  may  be  thixvwn 
into  the  refervoirs,  by  which  meant  the  beteht  of  the  water  on  the  ihehict 
may  be  increafed  at  pleafure,  when  it  is  too  low. 

J.  By  pennittinff  a-portion  of  thit  air  to  e&ape,  by  opening  one  of  the 
boriaontal  cocks,  uie  height  of  the  water  on  the  ihelTes  mav  m  dhniniihed 
at  pleafttre  ;  thos  we  have  means  of  graduating  the  lie%iit  of  the  wafer 
preeifely  to  oar  pnrpofe  without  lading  it  out  or  in. 

4.  We  have  four  capacious  air-hol£n  in  the  very  place  where  the  gales 
are  produced,  via.  in  the  pneumatic  dftem ;  thus,  tour  different  kinds  of 
gales  may  be  ftored  avray  under  water  in  a  fpace  otherwife  ufeleis.  For 
— ^"^■"'t  common  air,  for  rwulating  the  height  of-  the  water,  or,  for  the 
blow^pipe,  maybe  in  one  reiervoir ;  oxygen  ns  in  a  iecond,  hydrogen  gas 
in  a  thirds  and  defiant  gas  in  a  fDuith,  and  ttiey  nay  be  thus  reid^cd  tor 
future  ufe. 

5*  The  gales  may  be  drawn  off  fior  uie  into  bell-glaffes,  merely  by 
brkigin^  thofe  bell-glaffes,  filled  with  water,  over  the  horixontal  cocks^ 

6.  It  IS  obvious  tlut  the  four  refervoirs  are  in  hA  four  large  gasometers ; 
they  want  nothing  to  entitle  them  to  this  charader,  eicept  a  fcale  which  a 
moderate  fhare  of  ingenuity  would  eaiUy  adapt  to  them ;  the  gales  may  be 
delivered  into  them  at  once  by  crooked  tubes  paffing  from  the  gas-bottles, 
and  inv  cas  contained  in  a  bell-glais  may  be  tnrown  into  a  refervoir,  by  a 
fiagle  ftrMDe-  of  the  bellows.  For  this  purpofe  a  crooked  tube  conotAed 
wim  that  which  lead*  to  tiK  benows  -matL  termlnailng  in  the  well  beneath 
an  air  jar,  is  all  that  is  neceffary.  Or,  by  baring  the  arm,  the  gas  may  be 
thrown  up  by  the  hand,  into  the  refervoirs,  the  jar  being  puhed  down 
through  tne  water. 

7.  It  affords  an  excellent  blow-|>ipe  fior  common  purpofes  noticed  in  a 
fianner  note,  and  for  the  fine  expenmena  with  oxygen  ^ ;  and,  bv  fitting 
to  it  Mr.  Hare^  very  ingenioos  apparatus  of  the  fiiver  cvlinder,'  it  becomes 
xbt  tamfutmd  Umiw^pt  for  the  invention  and  af^ihcation  ot  which  he  delerves 
fb  muoi  credit.    By  the  fame  contrivance  vrater  is  formed  with  the  greatefl 

'"  f  by  burning  the  two  gafes  as  they  come  firom  their  refpedive  refier^ 


voiia,  and  iflne  at  a  common  orifice,  coverinr  the  flame  vrith  a  receiver. 

8.  The  inflammable  gafes  beinir  confined  beneath  the  preffure  of  water, 
wiU  iffoe  at  any  orifices,  where  uiey  aic  permitted,  and  thus  all  the  orna- 
mental as  well  as  ufeful  purpofes  to  which  the  combuftion  of  thcfe  gafes  is 
Implied,  may  be  exhibited ;  jMUticularly,  the  gas  from  fbffil  coal  may  be 
made  to  bum  in  revolving  jets,  fburs,  aind  other  fuicifiil  and  ufeful  forms, 
merely^  by  fubftituting  for  a  blow-pipe  tube,  the  apparatus  proper  fbr  this 
exhibition. 

All  thefe  purpofes,  this  inftrument  has  fiilly  anfwered  dorinc^  feveral 
years ;  and  it  may  be  confidently  recommended  to  ledurers  qn  dionifijy, 
and,  on  a  fmaller  fcale  would  be  very  valuable  to  a  private  chemhft.  A 
forcing  pump  might  be  fubfBtuted  tor  the  bdUows,  with  a  fkviog  of  the 
fpaoe  wnich  the  bellows  occupy,  but  it  would  be  probably  Ids  convenient 
m  praAioe. 

This  firft  idea  of  this  infh-ument  was  fuggefled  to  the  vrriter  while  in 
Phibdelphia  by  Mr.  Hare's  compound  blow-pipe.  Being  mentioned  to 
that  gentleman,  the  fubjed  was  profecuted  in  common,  ana  fb  fin*  matured 
that  It  was  afterwards  executed  oy  the  annotator.  (See  Mr.  Hare*s  com- 
mpmicacioo  on  the  fubjed  in  the^tranfiidions  of  the  Phild^ihical  Society 


of  Philidclphiii.    Tfaf  dciiili  of  the  inftiunifni,  of  winch  a  fli 
civen,   diAer   howcrcr   coo5imbhf    frvm    that  mhidi   lui  mw  l 

ietaibcd.) 


NoTt  li.  r»gt  II 


>  Teiti. 


Ai  licmBt  canoM  be  uTuatl)'  {inicurcri  in  the  fliofi  of  thii  tmaarj,  ii  W 
be  well  lo  Dietition  that  the  infnfion  or  tinifturB  of  ilmoft  ■!!  the  h'" 
putple  Aowcn  «Tid  vegetabtoi  wiU  aRfws  fitffidcallp  wdl' 
vii>lcC,  the  bJue  ]ily»  and  eipocuUy  the  blu£  or  purple  cabbage  bi 
with  water  in  a  tca-kettk  attord  an  infiiliin,  which  when  fikcfed  ■ 
fornu  in  excellent  teft  of  addd  I'he  purple  cabbage  it  particnUrljr  I,. 
comnundfd,  botli  becaiite  it  it  agoodteil,  anfl  bciaafe  itanhcptqniivrfM 
ihu  lalon  of  the  mar  when  there  are  no  flowen.  Il  iaalfa  «■  er-" — 
tdl  of  alkalio  which  lum  it  i^reen. 
Quj  be  eihibitcd  bf  tlui  iafnlinu. 

t,  Addi  turn  ii  red. 

1.  AUulia,  if  nUed  in  fuch  preponion  u  meRl7  to  Cunnte  the  acid, 
reflore  the  puqile  coloar. 

J,  A  little  more  alkali  Cunu  il  green.  The  teterfe  order  msir  be  puihed 
IxgioninK  with  the  alkali  and  ei^ing  with  the  acid.  The  inhifion  of  the 
ftin  of  the  blue  or  purple  rattifh  it  a  goad  left  and  ilal  of  tbn  leaf  of  the 
Ted  beet  an  lodiffrTeni  ooe.  All  ihefe  inliirioni  maj  be  preJerMd  Imn 
pitlrefafiion  by  the  addition  of  common  fpirit,  but.  ibcT  ultjnatdi  Mc 
iheir  colour.     Indigo  ia  not  changed  hy  af  '     "— i^—      •- ■- i^ 


IC  fulpliurk  ncii],  fill  L 


;  puryuiCB  of  d 


Charcoal  may  be  neatly  prcpired  for  eifaibiEian,  bjr  pUinpng  fdeeo  d 
wood,  held  by  tongt,  beneath  a  quaniily  of  melted  lead,  bi  Uui  tab  thMt 
can  be  DO  acc«li  of  air,  and  tte  wood  wiH,  if  the  piece*  be  fiuall,  be 
coovctled,  in  a  few  minuics,  into  charcoal,  while  the  lead  wHI  be  lliMwn 
into  violcni  ebuUition,  by  the  efcapc  of  the  water,  hydrogen  and  o^har 
volatile  puti.  The  hydr^en  it  fo  abundant,  that  it  may  evn  be  fat  m 
Tire  as  it  ifliiet  from  the  IcaiT  ^^h 


1[  U  the  fotuti 
carbonic  add  fori 
compreffio 


il;.    Pige  m-    CfliBOMAT] 
n  of  chit  fall  combined  with   : 


prodieiou 


I  paucity  dI 
\g  nicchunieil 
I  ui  England. 


he  author  meanii  bOil  coal;  charcoal  it  alfo  commonly  ckDod  coal  li 
thii  cooniry,  and,  alihoogh  it  affords  abundaBie  of  g3>  by  dlfiUUltaa,  it 
p*n  no  tar.     In  obtainlog  the  cu-borciied  hydrogen  gaj  from  foUil  ctxi. " 


itiadi^peBAUe  tliU  die  y^M  be  not  neaiij  fiiU  of  the  co4;  otkerwUe  it 
will  be  ia  .d^qger  of  bttrftk^oB  f^collot  oif  the  in^ated  fiste  into  whidi 
the  best  throwi^thecoaL 


Note  .19.    Pag?  127.    CaT^iTALUZATiON  of  Sulphur. 


cfyteUbatkm  of  fulphur  10  -eafilf  effeded  by  mekiog  it  in  m  deq> 
etrthen  Tcffel,  aad  pouring  out  the  put  which  cenoams  flnid»  bj  piercing,  a. 
hole,  near  the  edge  ef  the  veiTel,  in  the  craft  which  fomu  on  thie  forfi^, 
when  the  inlbrument  is  withdrawn  from  the  fire. 


Note  3Q.    Page  139.    SuLPHyRic  Acid. 

The  depofit  alhided  to  in  the  text  confifta  principally  of  fnlphate  of 
lead,  formed  by  the  adioo  of  the  fulphuric  add  on  the  lead  nied  to  fine  the 
rooms  in  whidi  the  add  b  mann&CTred.  ■ 


Note  31.    Page  137«    Sulphate  of  Lime. 


In  this  country  the  fnlphate  of  lime,  under  the  name  of  the  plafter  o£ 
Paris  is  ezienGYuy  ufcd,  as  a  maoure,_and  isconibmtly  becoming  more  and 
mpre  important  to  our  aghdiltund  intereiU.  It  is  .brooffht  to  the  United 
States  prmdpally  from  Nova  Scotia,  and  is  a  regular  article  of  commerce  in 
our  iea  ports,  whence  it  is  carried  into  the  interior.  What  is  the  true  theory 
of  the  operation  of  thisiak  asa  manure?  Thisqueftion  has  not,  as  yet,  been 
Ihtisfiidorily  anfwered.  It  cannot  however  admit  of  a  doubt  that  the  ques- 
tion is  of  much  importance,  as  it  could  not  fail  to  dired  the  application  of 
this  fobftance  by  principle,  whereas,  it  is  now  left  to  empirical  practice. 
■  A  common  inipreffion,  that  the  effed  is  produced  by  the  attradioo  of 
w?ter,  is  manifelfly  erroneous,  for  this  iaft  ddcovers  very  little  dilj^ofition  to 
attrad  Water. 

In  order  to  a  Ikilful  inveftigation  of  this  fribjed,  plants  fliould  be  made  to 
grow  in  an  infnlated  portion  of  earth,  of  a  known  compofition,  mixed  with 
agivenwdriit  of  the  fulphate  of  lime,  and,  after  the  plant  had  arrived  sit 
maturity  it  mould  be  accuratdy  analyfed  as  well  as  the  earth  in  which  it 
grew,  in  order  to  afcertain, 

X.  Whether  any  portion  of  the  fulphate  of  lime  could  be  found  in  the 
vegetable. 

0.  if  not,  whether  any  portion  of  its  elements,  fulphur,  oxygen,  or  lime 
eoutd  be  difcovered. 

3.  Whether  the  foil  contained  any  portion  of  the  (alt  undetompofed,  or 
of  its  elements,  and  how  much,  and  whether  anv  new  combinations  of  the 
fidt,  or  of  its  demenu,  with  any  matter  prefent  m  the  foil  or  vegetable  had 
been  effeded. 

4.  As  a  ftandard  of  comparifon,  other  individuals  of  the  tunc  kind  of  ve- 
getables, which  have  grown  in  an  equal  portion  of  the  fame  foil,  wmmixui 
vUb  thepUAcr^  fliould  be  examined  in  the  fiune  manner,  as  well  as  the  foil, 
after  the  punt  had  arrived  at  maturitv. 

By  espcrimcnti  of  diis  kmd  fufiBcwotly  nroltipfied,  and  performed  with 
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ont  ihc  amaH  nt  aof  ottaer  bntf.     Tbi*  omt 

Let  *gU  bettle  be  groand  wkh  ancrr,  ntntbc  moub  of  aaatho'of 
twifi  ikt  taadtf.  F3I  ihc  DJipei'  bottle  wMb  orjgai  go,  in  ihe  Bbil 
Buaaer,  lad  tbt  knrei  eae  mtb  nitrDiu  «.  Race  ilie  two  bottlo,  H 
^nicUy  n  pofiUc.  in  comiedian.  The  gtS%  wiQ  fcnbinr,  caloric  wiD  be 
mricued,  utd  (be  Tcfleh  will  be  filled  with  the  red  |w  of  Dmn  add, 
«rfikh  mj  is  tUt  nnimer  be  kqK  br  Vir  kn^  of  tme  nnrtiwyd.  Os 
l^antiii*  the  bottlei,  and  immmiiig  ibetr  ofiSca  in  water,  dioc  w3l  be 
an  iinme£ate  abfivptitHi,  and  U  a  Une  infafion  bnc  ben  eO^dcTedi  k  wiO 


Note  jj,  p»ge  ij;.     Nitkodi  Oil 

le  pabc  ftiUvIlT  pnpved,  the  ptrcuKiai  of  lettiK  it  ftMtd  lewrtl 
STET  water  rtont  to  be  unneiefliuy,  and,  it  ayay  artrtbh  to  awad 
aule  a  pretty  rapid  abfovpcion  takes  pk  ' 

Titer  hai  doc  befieucd  to  adBiiiiificr  : 
bour  ftnin  iu  prodDdioo,  and  fiauniuw*  it 


NOTEf.  bood 

dNBleqiieiice  his  ever  refulted.  So  for  at.  mtroni  gas  is  ooneerned,  oo  ad- 
vantage is  gained  by  letting  it  ftand,  for  if  this  be  prdfent,  its  propordoa 
^1^  rather  increafe  from  the  more  rapid  abforption  of  the  nitrous  oxide. 
And  indeed  a  irenr  coarfe  trial  is  fuffident  to  deade  whether  nitrous  gas  be 
■reftnt,  whidi  wiH  be  deteded  by  the  finell  and  colour  of  nitrous  add  whidi 
It  will  produce  on  mixine  it  with  common  air  by  turning  up  ajar.  As  to 
any  tapoor  of  nitrous  acid  which  may  have  been  eztricateo,  this  will,  bo 
<loubt,  be  abforbed  by  the  water,  in  the  various  operations  preparatory  to 
the  rcfpiration  of  the  gas. 


NoTK  24.  Page  16a.  NiTii  ano  Sulpbuk. 

In  the  combuftion  of  fulphur,  by  means  of  nitre,  if  only  1-6  or  1-8  of  nitre 
-  be  employed,  the  phenomenon  will  not  be  ftriking ;  the  mlphur  will  fcarcely 
bttm  unleis  in  contad  with  an  ignited  body  ;  for  illuftration,  a  larger  pro- 
poitioo  flieald  be  uied. 


NoTB  35.   Page  171.    Acid  Gases,  &c. 

There  is  a  method  of  obtaining  the  gafes,  which  water  rapidly  abforbs, 
without  the  aid  of  a  menurial  apoaratnsb  .It  is  founded  on  the  di£ference  be- 
tween the  fpedfic  gravity  of  theie  gafes  and  that  of  common  air. 

X.  Muriatic  add  eas,  whofe  wdght  is  nearly  twice  that  of  common  air, 
may  be  obtained  as  follows : 

To  the  mouth  of  a  Florence  flafk  ada^  a  cork,  in  which  is  fixed  a  gbfi 
tnbe,  bent  twice  at  right  angles.    Place  m  the  flaflc  the  materials  for  affords 

31  muriatic  acid  gas,  viz.  common  ialt  and  fulphuric  add,  and  bavin?  adiulU 
the  tube,  let  one  end  of  it  be  inlened  into  a  narrow-mouthed  empty  bottle  or 
vial,  and  let  the  orifice  of  the  tube  defcend  quite  to  the  bottom  of  the  bottle  or 
▼iaL  The  muriatic  add  gas,  from  its  great  wdght,  will  occupy  the  lower  por- 
tion of  the  veflcl,  and  expel  the  common  air  at  the  mouth.  Thus  the  gas 
will  be  obtained  fuffictently  pure  for  exhibiting  its  moft  obvious  properties. 

In  the  &««e  manwr  precifely.  the  fulphuroui  acid  ga.  and  the  fluoric  tii 
gas  nuj  be  ebtamed. 

%,  The  ammoniacal  gas,  being  lighter  than  conunon  air,  is  to  be  obtained 
upon  the  fame  prindple,  only  reverfing  the  arrangement. 

The  materials  for  affording  this  {^,  via.  quick>lime  and  muriate  of  am- 
monia being  placed  in  a  flaik,  indeed  of  a  tube  twice  bent,  employ  a  ilraight 
tube  pafiSne,  as  before,  throueh  the  cork.  Invert  the  vial  or  bottle  upon 
tins  tube,  10  that  the  orifice  of  the  tube  onay  be  in  contad  with  the  bottom 
of  the  bottle,  which  is  now  its  bigheft  part.  The  ammoniacal  gas  will  rife 
and  expd  the  common  air,  as  in  the  other  cafea,  only  the  order  will  be 


It  may  be  dedded  when  the  veflels  are  about  filled  with  the  gafes,  by  the 
pungency  of  the  fmell,  bv  the  mift  produced  by  the  muriatic  and  fluoric  add 
gases,  at  the  mouth  of  tne  vial,  and  nerhaps  better  than  all  by  the  copious 
white  cloud  which  all  the  add  gaies  produce,  when  a  feather,  dipped  in 
fiquid  ammonia,  is  brought  to  the  mouth  of  the  vial,  or  by  the  occurrence 
Of  the  fanne  phenomenon,  in  the  cafe  of  anmioniacal  gas,  when  the  feather 
i«  dipped  in  muriatic  acid. 

Rrr 
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Note  25.     Page  175.     Mubiats  of  Ammoki 

TfauTall  mi;  be  fonncd  bf  mingUngthc  conftitueni  gtSa'm  *  tno-ncckol 
receiver,  u  they  ifTur  {rnm  mo  reiaru.  in  ihr  manner  t«Dron<aldt4  by  iht 
author  for  die  carbonate  of  ammoQii.     See  ten,  pa 


Note  37.     Page  185.     Supeh-oktmlbia 

As  caudic  pot*(h  is  tipeoOvc  when  purchaft  J,  and  troublefome  d  ,  . 
pare,  ii  may  be  well  for  the  ftodent  lo  know  that  ihe  cacbnnalc  of  pofrf 
ai  rommonly  found  in  the  fhopg,  will  do  for  the  luruation  s(  ibc  (nper-on 
msmlt.  In  ihlicaTc  there  »  3  continuaJ  dTervefcenrr,  at  leail  duruisU 
earlier  ftago  o[  the  ptocelt.  owing  lo  the  difen^^menl  vi  cirboDic  ai ' 
gai.  Some  lilci  is  alfo  depofiicd,  derived  from  Ihe  palalh  which,  ai 
iound  in  commrrce,  ufually  contain)  a  portion  of  GtcK.  Onewhuh'd 
obreried  the  ta£l  before,  might  inifliike  thii  for  a  depoCtion  of  tht  Cilt  il 


Note  38.     Page3l4-     Silvsb. 

The  remark  in  the  teit,  that  Over,  when  diflblvcd  in  ohric  add,  e 
a  green  colour  li  impure,  i>  OiiCttj  appL'cable  to  the  alloy  of  ilvo 
copper,  fueh  at  exilli  in  coin  and  in  trmkcti,  which,  wturn  dilTolvcd 


Note  28,     Page  216.     Fulmiiiating  Silver. 

The  proci>ri  given  by  ihr  author  for  ihc  formation  of  fulminating  lilver,  ii 
attended  with  conlidcrable  hazard  luthe  operaior.  and  often  iiiit.     Thcteir 
towing  proccis  may  be  repeated  wiih  fafely,  although  nol  wiUionl  i 
andfrarcely  ever  fail).     Pulverize  loo  grain!  of  the  common  lunar  ei 
the  Ihopi  (nitrate  of  filver  ;)  add  to  it  one  ounce  of  alcohol  and  one< 
nitric  acid.     1(  ihefe  agent!  are  good,  there  wQl  be  a  violent  aAioo. 
thii  will  not  happen  with  thcfe  fluids  ■>  ihcy  arc  commonly  loundi  u 
nefally  it  will  be  neccDary  to  apply  a  very  modentc  heat,  which  Bv" 
moved  at  foon  ai  the  aaion  comci  on.     Very  foon  a  thick  whitt  pi 
willappear;  diftillcd  water  mayihcn  be  thrown  on  to  check  the  i 
becoming  loo  violent;  the  precipitate  niuil  he  wafhed  in  diftilM  " 
icr  hairing  been  fiparaitd  hj  ihe  filter,  or,  by  dccuitaiion.  and  will  fu 
nate  powerfully  by  beat  or  Fria ion.     A  convenient  way  of  exploding  it 
place  a  gr^in  or  two  of  it  on  the  blade   of  a   knife,  and  (oColi'  " 


NOTES.  ixsxin 


Note  29.    Page  217.    Boiling  point  of  Mercury. 

This,  according  to  the  latefl  experiments  of  Irvine  and  others,  is  placed  at 
671^  Fahrenheit.    See  Murray's  Syftem  of  Chcmiftry,  vol  I.  page  153. 


Note  30.  Page  217.    Nitrate  of  Mercurt. 

The  fad  that  the  nitrate  of  mercury  differs  very  much  in  its  properties,- 
according  as  it  is  prepared  with  or  without  heat,  is  extremely  important. 
In  the  latter  cafe,  it  will  bear  any  degree  of  dilution  with  pure  water, 
without  decompofition,  or  affording  any  precipitate.  In  the  former,  a  large 
portion  of  the  oxide,  ftill  retaining  a  httle  acid,  will  be  thrown  down 
merely  bv  the  affinity  exifting  between  water  and  the  nitric  acid.  For  this 
reafon,  the  nitrate  of  mercury,  made  with  heat,  cannot  be  employed  in 
the  analyiis  of  mineral  waters,  and  in  many  other  analytical  operations, 
becaufe  water  alone  will  produce  a  precipitate,  and  this  will  give  a  ialfe 
indication  of  the  prefence  of  fome  foreign  body. 

Again,  when  muriatic  acid  is  united  to  the  oxide  of  mercury  made  by 
the  nitric  acid,  %oitb  beat^  corrofive  fublimate  is  produced ;  when  to  that 
made  vtitbota  beat^  calomel  is  the  produ(ft  This  alone  dcmonftrates  the 
neceffit^  of  attending  to  this  diftinaion ;  for  few  bodies  fo  iimilar  in  their 
compoution,  are  fo  different  in  their  properties,  as  corrofive  fublimate  and 
cakmeL  The  truth  is,  that  when  the  folution  of  mercury  in  the  nitric 
add  is  made  ivitb  beat^  the  metal  is  oxydized  to  a  maximum ;  when  with- 
out heat,  to  a  minimum  only,  and  this  is  the  caufe  of  the  widely  different 
properties  which  the  two  folutions  exhibit,  and  of  much  of  the  confufion 
which  is  found  on  this  fubjed  in  chemical  books. 


Note  31.  Page  233*    Sulphuret  of  Iron. 

There  can  be  no  doubt  that  the  author  perfetftly  underftood  that  the 
phenomenon  of  the  extrication  of  latent  caloric,  attended  by  light,  during 
the  combination  of  fulphur  and  iron,  is  not,  as  he  has  termed  it,  a  combuf' 
tion.  Were  it  a  real  combuftion,  the  iron  would  be  found  oxydized,  and 
the  fulphur  acidified.  But  neither  of  thefe  hAs  is  fo.  It  is  well  known  that 
the  compotmd  decompofes  water  by  the  aid  of  an  add,  and  fulphur  rifes 
diffolved  in  the  hydrogen,  both  of  which  fads  are  inconfifient  with  a  pre- 
vious combuilion.  Whatever  uncertainty  there  may  be,  (and  it  is  acknow- 
ledged there  is  much)  in  the  ufe  of  the  word  combuftion,  it  muft,  no  doubt, 
in  every  cafe,  include  a  combination  of  oxygen  with  the  body  burned,  and 
an  increafe  of  wdght  in  the  fum  of  the  produds,  neither  of  which  £idb 
exifts  in  this  cafe. 


Note  32.  Page  237.    Oxides  of  Lead. 

The  obfervation  in  the  text,  that  **  the  oxides  of  lead  give  up  their  oxy- 
gen on  the  application  of  heat,'*  is  not  true  in  the  ex^t  there  fbated.  A 
portion  only  of  its  oxygen  can  be  obtained  from  thfcred  oxidt,  which  con- 
tains the  moft.    If  the  ^ime  of  the  blow-pipe  be  direded  upon  red  lead  in 
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upbi            n.  itimmcdiwelrbMome.theyeUowoiideVi'lofingiponioo 
of  oi                 lihcnmeluimo  aglaft,  uid  cannot,  by  mj  loiwcr  coMroo- 
»nc                     iftd  inlmfily  of  hwt,  be  red«ci:d  to  the  rartiJlTc  fc.«  ;  but 
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(Gallic  Acts. 

The?"                       ■                                  1 
add      '                                                             1 
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■  coloured  oil  begin,  to  rife,  or 
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5.      IROK. 
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>;  to  the  aUdijitioii  of  oiygcn. 
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